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EXECUTIVE SUMMARY

The objective of this research was to generate a data base for
munitiong~unique pollutants being discharged at load, assemble, and
pack (LAP) facilities and for condensate discharges at a 2,4,6~
trinitrotoluene (INT) production facility. These data were used to
establish environmentally realistic wastewater discharge mixtures for
use in toxicclogical testing in aquatic and mammalian species.

The major components of LAP discharges evaluated were TNT and
1,3,5-trinitrohexahydro-1,3,5-triazine (RDX). A TNT/RDX ratio of

1.6/1.0 was established for wastewaters discharged from shell washout
and housecleaning operations. Since extensive photochemical degrada-

tion of TNT occurs in sunlight, laboratory methods were developed to

simulate sunlight in generating photoirradiated TNT/RDX residues for

the toxicological evaluations.

In the condensate discharge, the following compounds were identi-
fied and quantified over a 12-month sampling period: N-nitrosomorpho-
line; N-morpholinocacetonitrile; 2,4~dinitrotoluene; 2,6-dinitrotoluene;
1,3-dinitrobenzene; 3-amino-2,4-dinitrotoluene; 3-amino-2,6~dinitro-
toluene; S5-amino-2,4~dinitrotoluene; 3,5-dinitrotoluene; 3,4-dinitro-~
toluene; 4-amino-2,6~dinitrotoluene; 1l,5-dimethyl-2,4~dinitrobenzene;
2,3-dinitrotoluene; 2,5-dinicrotoluene; 4-amino-3,5-dinitrotoluene;
toluene; 4-nitrotoluene; 2,4-dinitro-5-methylphenol; 2-amino-6-nitro~
toluene; 3-amino-4-nitrotoluene; 2-nitrotoluene; 2,3,5-trinitrotoluene;
2-amino—4,6-~dinitrotoluene; 5-methyl-2-nitrophencl; 2-amino-4-nitro-
toluene; 3-methyl-2-nitrophenol; 1,3,5-trinitrobenzene; 3,5-dinitro-
aniline; 3-nitrobenzonitrile; 4-nitrobenzonitrile: 2-amino-3,6-
dinitrotoluene; and 2,4,6-trinitrotoluene. Through cluster analysis
and 90th percountile concentration determinations, a representative
discharge distributicn of condensate components was established.
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Methods were developed for the synthesis of those condensate
components that could not be obtained from commercial sources., All
condensate components that were to be used in the toxicological evalua-
tions were identified and analyzed for purity through analytical

characterizations using spectrometric and chromatographic techniques.

Hypotheses about the environmental fates of condensate components t.
were examined, Volatilization and photolysis appear to play major . f

s B

roles in the transport and transformation of these compounds in the

aquatic enviromment,

iv

.
:
|
i

.
|

PR 5 it kb 4 ot h e sl an



CONTENTS
; EXECUTIVE SUMMARY . . . . ¢ 4 ¢ 4 o & o o o o o ¢ o o o s o & 111
k
LIST OF ILLUSTRATIONS . & v & o & o o o ¢ o o s o o o o o « » 1x
? LIST OF TABLES L] L] * L] L L ] L) L] L] L] L] - * . L] L] L] . L] - L] . . xv
‘f 1 INTRODUCTION L] . ° L] - L] L] L] . - L] L ] L] - L] L] L] L) - L] L] L] * l E
2 BACKGROUND AND OBJECTIVES . « + & « ¢ o « o o o o v o o & 3 ii
_ 3 EXPERIMENTAL APPROACH . « + = &+ o v v a v v o o v o o s 4
! 3.1 Sources and Analysis of LAP Wastewater Samples . . . 4 %
I - 3.1.1 soutces . . L L] - & * . - L] . . * * - L] L L] L] L) . 4 %
{ 3.1.2 Analytical Methods . « + v ¢ ¢« « ¢ ¢ o o o + o =« 4 i
} 3.1.3 Sampling Data . . . « + ¢ ¢ ¢ o ¢ o ¢ o o s s o . 5 .
Iowa Army Ammunition Plant . . . « « « o« o & . & 5 '
Milan Army Ammunition Plant . . « + ¢« & « « « & & 6
Louisiana Army Ammunition Plant . . . . . « . . & 10 :
b Lone Star Army Ammunition Plant . . . . . . . . 10 i
3 3.2 Establishment of a TNT/RDX Patio . . . . . « « « « o 11
{ 3.3 Analysis of TNT/RDX Mixtures in Feed for {
- Toxicological Evaluations . . . ¢ « . « ¢« ¢ ¢ o« « & o 12 ;
3.4 Preparation of Photolyzad TNT/RDX Residues . . . . . 14 é'
3.4.1 Analytical Methods and Sample Profiling . . . . . 14 .
R 3'&02 Photolytic uethods - L] L) - L L] L] . L] L] L] . L] L) . la % g
{ 3.4.3 laboratory and Sunlight Photolysis . . . . . . . 16 v
: 3.4.4 Establishment of a Photoirradiation i
End Point L] . * - . - - L] L) - L) . . - * L] - L] . . 17 . !
3.4.5 Preparation of Photoirradiated Materials *i
for Toxicological Evaluations . . . . « « « o « & 22 %i
. 3.5 Identification and Sampling of Condensate 3?
: < o = ¢ “‘stewat.t‘cmm‘n" c®e's 2 B s 6 s % Gt e e B e s » c 32 . 1’,
3.5.1 SOUFCE .+ ¢ ¢ ¢ 4 4 4 e v s e s e e e s e e 22 i;
- 3.5.2 AnllytiCIl hthod. " e & o 5 & s s & & s 0 & s 23 :
i 3.5.3 Identification of Condensate Components . . . . . 24 i
- 30504 smli“g D‘:‘ ® ¢ 9 8 & ® e 8 & ° B 0 B 2 ° 8 & o 31 i‘
i
. 3.6 Establishment of Rapresentative Discharge i
¢ Ratios for Condensate Components , . . . . . . . « . n !
L i
! v |
- ;
S L’ .
‘ .o Ry — .

e s e e e e . et ik oo s i i yM




s

3 EXPERIMENTAL APPROACH (Continued)

3.7 Methods for the Synthesis of Condensate
Components . « « « ¢« o « ¢ o s ¢ s s s s s « =

3.7.1

3.7.6

A AL e e e e

3.7.7

3.7.8

3.7.9

3.7.10

3.7.11

3.7.12

Preparation of 2,3-Dinitrotoluene . . . .

O-Acetotoluimide . . . . . . . ¢ ¢ . .
N-Acetyl-2-Amino-3-Nitrotoluene . . .
2-Amino-3-Nitrotoluene . . . . . . . .
2,3-Dinitrotoluene . . . . . . . . . .

Preparation of 3-Amino-2,6-Dinitrotoluene
Preparation of 3-Amino-2,4-Dinitrotoluene

2,3,4~Trinitrotoluene . . . . . . . . « .
3-Amino-2,4~-Dinitrotoluene . . . . . . . .

Preparation of 2,5-Dinitrotoluene . . . .
Preparation of 4-Amino-3,5-Dinitrotoluene
and 3,5-Dinitrotoluene . . . . . . . . . .

3,5-Dinitro-N-Acetyl-Paratoluidine . . . .
4-Amino-3,5-Dinitrotoluene . . . . . . . .
3,5-Dinditrotoluene . . . . ¢« ¢ « ¢ ¢ 4 o .

Preparation of 1,5-Dimethyl-2,4~

Dinitrobenzene . . . . ¢« ¢« ¢ ¢ ¢ ¢ o o o o

Preparation of 2-Amino-5,6-Dinitrotoluene
and 2-Anino-3,6-Dinitrotoluene . . . . . .

2-Methyl-3-Nitroacetanilide . .. .. . .
2-Methyl-2,6-Dinitroacetanilide :
and 2-Methyl-3,4-Dinitroacetanilide . . .
2-Amino-5,6-Dinitrotoluene . . . . . . . .
2-Amino-3,6-Dinitrotoluene . . . . . . . .

Preparation of 5-/mino-2,4-Dinitrotoluene

2 'Y 6 » S-Tl'initrOCOIllene s & o ¢ o e s 0 ¢ o
5-Amino-2,4-Dinitrotoluene . . . . . . . .

Alternative Method of Preparing 5-Amino-
2,4-Dinftrotoluene . . . . . ¢ ¢ . e . . .
Praparation of 1,3,5-Trinitrobenzene . . .

2,4,6~Trinitrobenzoic Acid . . . . . . . .
l Y 3 9 S-Trinitl‘obenzene s & & & & & o & & &

Preparation of 2,3,6-Trinitrotoluene . . .

2-Methyl-3-Nitroacetanilide . . . . . . .
2-Methyl-3,5-Dinitroacetanilide

and 2-Methyl-3,6~-Dinitroacetanilide . . .
2,3-Dinitro-2-Aminotoluene

and 3,6-Dinitro-2-Aminotoluene . . . . . .
2,3,6-Trinitrotoluene . . « ¢ « « + o o &

Preparation of 3-Amino-4-Nitrotoluene . .

vi

44

45
45
46

46
46

47

47
47

48
49

49
50

30
51

51

31
52

52




g o

T AT

4 ANALYTICAL CHEMISTRY EVALUATIONS OF MUNITIONS

-4

-~ 4.1
4.2
4.3
4.4
4.5
4.6
4.7
A.8
4.9
4.10
4.11
4,12
4.13
4.14
4.15
4.16
4.17
4.18
4.19
4.20
4.21
4.22
4.23
4.24
4.25
4.26
4.27
4.28
4.29
4.30

COMPOUNDS USED IN TOXICOLOGICAL EVALUATIONS

Toluene . . « . ¢ ¢ ¢ o ¢ o = s o « o

Z-Nitr toluen. e ¢ ¢ o s @

4-Nitrotoluene . . . . . . .

3-Methyl-2-Nitrophenovl . .
5-Methyl-2-Nitrophenol . .
1,3-Dinitrobenzene . . . .
2,6-Dinitrotoluene . . . .

2,5-Dinitrotoluene . . . . .

2,4-Dinitrotoluene . . . .

2,3-Dinitrotoluene . . . . .

3,5~Dinitrotoluene . . . . .

3,4-Dinitrotoluens . . . .

4,6-Dinfitro-m~Xylene . . . .

1,3,5-Trinitrobenzene . . .

2,4,6-Trinitrotoluene

3-Amino-2,4-Dinitrotoluene
4-Aminc-3,5-Dinitrotolusne
3-Amino-2,6-Dinitrotoluene
4=-Amino~-2,0-Dinitrotoluene
S~Amino-2,4-Dinitrotoluens
2-Amino—4,6-Dinitrotoluene
2-Amino-4-Nitrotoluene . .

2,4-Dinirro-5-Methylphanol .

4-Nitrobenzonitrile . . .
3-Amino-4-Nitrotoliene . .
3-Nitrobenzonitriie . . .
2-Amito—-6-Nitro:oluene . .

3,5-Diuitroaniline . . . . .

2,3,6-Triniirotolusne . .
2~-Amino-3,6-Dinitrotoluene

5 [ENVIRONMENTAL FATE ESTIMATES FOR
CONDENSATE COMPINENTS . . . . . .

vii

s

L
-

101
109
117
125 |
133 1

141
149
157
165
174
182
190 ;
198
206 3
214 |
222 '
231
239
247
256
264
272
280
288

t, o

e

S U P

296

S s an e e




6 CONCLUSIONS AND RECCMMENDATIONS . . . . & ¢ ¢ « & o v & o & 310

7 REFERENCES . & v &« v 4 ¢ ¢ o o o o o o s o o o a s o s o » 311

APPENDIX -~ CLASS CAPILLARY GAS CHRCMATOGRAPHIC
ANALYSIS OF CONDENSATE COMPONENTS . . . « « « + « . 312

| DISTRIBUTION LIST « v v « & « o o = o o o o o v o o v o v o« 316

viil

R T T

[, . Prer e et s imamtady s s




TLLUSTRATIONS
1 Diagram of Flow~Through Reactor . . + s + o o ¢ o ¢ o & & 15
Decomposition of TNT and RDX in Sunlight ., ., . . . . . . 18
3 Relative Concentrations of TNT and RDX
; in Flow-Through Reactor as a Function
| of Flow Rate . . . . . . . . ¢ s o o s v s s = o o o s s 19 :
4 Comparative hplc Profile of the Photolysis
| of a TNT/RDX Mixture Under Natural Sunlight
| and Laboratory Conditions . . . . . . . ¢ o ¢ « & o o . 20
; S5 Gas Chromatographic Profile of Condensate
| wWastewater ErEYact . . ¢ ¢ « ¢ o o o o o o s o e s u s 25 i
6 Possible Route of Formation of
Aminodinitrotoluenes in Condensate Wastewater . . . . . . 30
7 Infrared Spectrum of Tolueme . . . . . . . . . +« « .+ . & 55
8 NMR Spectrum of Toluene . . . . . . . . . . . « e e e 56
9 UV Spectrum of Toluene . . . . . ¢ ¢ © & 4 ¢ o o o o o & 57
10 UPLC Chromatogram of Toluene . . . . . . . . « + v « o« & 58
11 HMass Spectrum of Toluene . . . . . . . . . ¢« ¢« ¢« o « & & 59
12 GC Spectrum of Toluene . . . . . . . . ¢ ¢ & ¢ ¢ o « o & 60
13 Infrared Spectrum of 2-Nitrotoluene . . . . . . . . . . . 63
14 NMR Spectrum of 2-Nitrotolusne . . . . . . . . . . . . . 64
1S UV Spectrum of 2-Nitrotoluene . . . . . . . . . . . « 4+ . 65
16 HPLC Chromatogram or 2-Nitrotolueme . . . . . . . . . . . 66 g
17 GC Spectrum of 2-Nitrotoluene . . . . . . . . . . . . . . 67 i
18 Mass Spactrum of Z-Hitrotoluew® . . . . . ¢« ¢ o ¢ « « « 68 i
19 Infrared Spectrum of 4-Nitrotolueme . . . . . . . . . . . 71 {
. 20 NMR Spectrvm of 4-Nitrotoiumme . . . . . . . .. . ... " 122 - © o
21 UV Spectrum Of 4-Nitrocoluene . . . . . . . ¢ 4 . . . . 73 ;
22 HPLC Chromstogram of 4-Nitrotcolusne . . . . . . . . . . . 74 f
23 GC Spectrum of &4~Nitrotoluene . . . . . . . « « « & & & . 75 §
24 Nase Spectrum of 4-Nitrotoluene . . . . . . . . ¢« + . o« . 76 i
i |




%_—,,; BN

25
26
27
28
29
30
k)Y
32
1
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57

Infrared Spectrum of 3}-Methyl-2-nitrophenol
NMR Spectrum nf 3-Methyl-2-nitrophenol
UV Spectrum of 3I-Methyl-2-nitrophenol . .

HPLC Chromatogram of 3-Methyl-2-nitrophencl .

GC Spectrum of 3-Methyl-2-nitrophenol . . .
Mass Spectrum of J-Methyl-2-nitrophenol .

Infrared Spectrum of 5-Methyl-2-nitrophenol .

NMR Spectrum of 5-Methyl-2-nitrophenol . .
UV Spectrum of 5-Methyl-2-nitrophemol . . .

HFLC Chromatogram of 5-Methyl-2-nitrophenol .

GC Spectrum of 5-Methyl-2-nitrophenol . .
Mass Spectrum of 5-Methyl-2-nitrephenol . .
Infrared Spectrum of 1,3-Dinitrobenzene . .
NMR Spectrum of 1,3-Dinitrobenzene . . . .
LV Spectrum of 1,3-Dinitrobenzene . . . . .
HPL.C Chromatogram of 1,3-Dinitrobenzene .
GC Spectrum of 1,3-Dinitrobenzene . .

Mass Spectrum of 1,3-Dinitrobenzene . . . .
Infrared Spectrum of 2,6-Dinitrotoluene . .
NMR Spectrum of 2,6-Dinitrotoluene . . . .
UV Spectrum of 2,6-Dinitrotoluene . . . .
HPLC Chromatogram of 2,0-Dinitrotoluene .
GC Spectrum of 2,6-Dinitrotoluene . . . .
Mass Spectrum of 2,6-Dinitrotoluene . . . .
Infrared Spectrum of 2,5-Dinitrotoluene . .
NMR Spectrum of 2,5-Dinitrotoluene ., . . .
UV Spectrum of 2,5-Dinitrotoluene . . . . .
HPLC Chromatogram of 2,5-Dinitrotoluene . .
GC Spectrum of 2,5-Dinitrotoluer- . . . .

'H;sa Spectrum of Z;S-binitrotoluene « o e

Infrared Spectrum of 2,4-Dinitrotoluene . .
NMMR Spectrim of 2,4-Dinicrotoluene . . . .

UV Spectrum of 2,4-Dinitrotoluene . . . . .

79
80
81
82
83
84
87
88
89
90
91
92
95
96
97
98
99
100
103
104
105
106
107
108
111
112
113
114
115
116
119
120
121




58
59

61
€2
63
64
65
66
67
68
69
70
71
72
73
74
75

77
78
79

81
82
83
84
85
86
87
88
89
90

HPLC Chromatogram o.' 2,4-Dinitrotoluene .

GC Spectrum of 2,4-)initrotoluene . . . . . . . . .

Mass Spectrum of 2,4-Dinitrotoluene .
Infrared Spectrum of 2,3-Dinitrotoluene . . . .
IMR Spectrum of 2,3-Dinitrotoluene

UV Spectrum of 2,3-Dinitrotoluene .

HPLC Chromatogram of 2,3-Dinitrotoluene . . . . . .

GC Spectrum of 2,3-Dinitrotoluene .
Mass Spectrum of 2,3-Dinitrotoluene .
Inirared Spectrum of 3,5-Dinitrotoluene .

NMR Spectrum of 3,5-Dinitrctoluene

UV Spectrum of 3,5-Dinitrotoluene . . . . . . . . .
HPLC Chromatogram of 3,5-Din/{trotoluene . . . . . .

GC Spectrum of 3,5-Dinitrotoluene .

Mass Spectrum of 3,5-Dinitrotoluene . .
Infrared Spectrum of 3,4-Dinitrotoluene . .
NMR Spectrum of 13,4-Dinitrotoluene

UV Spectrum of 3,4-Dinitrotoluene . . . . .
HPLC Chromatogram of 3,4-Dinitrotcluene .
GC Spectrum of 3,4-Dinitrotoluene .

Mass Spectrum of 3,4-Dinitrotoluene . . . .
Infrared Spectrum of 4,6-Dinitro-m-xylene . . .
NMR Spectrum of 4,6-Dinitro-m-xylene . . .

UV Spectrum of &4,5-Dinitro-m-xylene . . . . . .
HPLC Chromatogram of 4,6-Dinitro-m-xylene .

CC Spectrum of 4,6-Dinitro-m-xylene . .

Mues Spectrum of 4,6-Dinitro-m-xylene .

Infrared Spectrum of 1,3,5-Trinitrobenzene . . .
NMR Spectrum of 1,3,5-Trinitrobenzene . . . . .
UV Spectrum of 1,3,5Trinitrobenzene . . ,

HPLC Chromatogram of 1,3,5~Trinitrobenzene

GC Spectrum of 1,3,5-Trinitrobenzens . . . . .
Msss Spectrum of 1,3,5-Trinitrobenzene . . . .

xi




.‘Lq
y
b

SPCTRC S

91

92

93

9

95

96

97

98

99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123

Infrared Spectrum of 2,4,6~Trinitrotoluene . . . . .
NMR Spectrum of 2,4,6-Trinitrotoluene . . . . .

UV Spectrum of 2,4,6-Trinitrotoluene . . .

HPLC Chromatogram of 2,4,6-Trinitrotoluene .

GC Spectrum of Crude 2,4,6-Trinitrotoluene .

GC Spectrum of Recrystallized 2,4,6~Trinitrotoluene
Mass Spectrum of 2,4,6-Trinitrotoluere . . . . . . .
Infrared Spectrum of 3-Amino-2,4-dinitrotoluene . .
NMR Spectrum of 3-Amino-2,4-dinicrotoluene .

UV Spectrum of 3-Amino-2,4-dinitrotoluene .

HPLC Chromatogram of 3-Amino-2,4-dinitrotoluene

GC Spectrum of 3-Amino-2,4-dinitrotoluene . . .
Mags Spectrum of 3-Amino-2,4-dinitrotoluene
Infrared Spectrum of 4-/mino-3,5-dinitrotoluene

NMR Spectrum ¢f 4-~Amino-3,5-dinitrotoluene . . . . .
UV Spectrum of 4-Amino-3,5-dinitrotoluene . . . .
HPLC Chromatogram of 4-Amino-3,5-dinitrotoluene . .
GC Spectrum of 4~Amino-3,5-dinitrotcluene . . . . .
Mass Spectrum of 4-Amino-3,5-dinitrotoluens

Infrared Spectrum of 3-Amino-2,6-dinitrotoluene

NMR Spectrum of 3-Amino-2,6-dinitrotoluene .

UV Snectrum of 3-Amino-2,6-dinit ),toluene

HPLC Chromatogram of 3-Amino-2,6-dinitrotoluene

GC Spectrum of 3-Amino~2,6-dinitrotoluene . . .
Mags Spectrum of 3-Amino-2,6-dinitrotoluene . . . .
Infrared Spectrum of 4~Amino-2,6-dinitrotoluene . .
NMR Spectrum of 4~Amino~2,6-dinitrotoluene . . . .
UV Spectrum of 4-Amino-2,6-dinit:«toluene

HPLC Chromatogram of 4-Amino-2, ,-dinitrotoluene

CC Spectrum of 4-~Amino-2,6-dinitrotoluene

Mass Spectrum of 4-Amino-2,6-dinitrotoluene . .
Infrared Spectrum of 5-Amino-2,4-dinitrotoluene ., .
NMR Spectrum of 5-Amino-2,4-dinitrotoluene .

xii

167
168
169
170
171
172
173
176
177
178
179
180
181
184
185
186
187
138
189
192
193
194
195
196
197
200
201
202
203
204
205
208
209




124 UV Spectrum of 5-Amino-2,4-dinitrotoluene . . . . . . . 710
125 HPLC Chromatogram of 5-Amino-2,4-dinitrotoluene . . . . 211
126 GC Spectrum of 5-Amino-2,4-dinitrotoluene . . . . . . . 212
127 Mass Sgectrum of 5-Amino-2,4-dinitrotoluene . . . . . . 213
128 Infrared Spectrum of 2-Amino-4,6-dinitrotoiuene . ., . . 216
129 NMR Spectrum of 2-Amino-4,6-dinitrotoluene . . . . . . 217
130 UV Spectrum of 2-Amino-4,6-dinitrotoluene . . . . . . . 218
131 HPLC Chromatogram of 2-Amino-4.6-dinitrotoluene . . . . 219 3
132 GC Spectrum of 2-Amino-4,6-dinitrotoluene . . . . . . . 220 ]
133 Mass Spectrum of 2-Amino-4,6-dinitrotoluene . . . . . . 221 %
134 Infrared Spectrum of 2-Amino-4-nitrotoluene . . . . . . 224 ]
135 Infrared Spectrum of 2-Amino-4-nitrotoluene . . . . . . 225
136 UV Spectrum of 2-Amino-4-nitrotoluene . . . . . . . . . 226
137 NMR Spectrum of 2-Amino-4-nitrotoluene . . . . . . . . 227
138 HPLC Chromatogram of 2-Amino-4-nitrotoluene . . . . . . 228
139 GC Spectrum of 2-Amino-4-nitrotoluene . . . . . . . . . 229
140 Mass Spectrum of 2-Amino-4-nitrotoluene . . . . . . . . 230
141 Infrared Spectrum of 2,4-Dinitro-S5-methylphenol . . . . 233 7
142 NMR Spectvum of 2,4-Dinitro-S-methylphemol . . . . . . 234 |
143 HPLC Chromatogram of 2,4-Dinitro-5-methylphenol . . . . 235
144 GC Spectrum of 2,4-Dinitro-5-methylphenol . . . . . . . 236
145 UV Spectrum of 2,4-Dinitro-5-methylphenol . . . . . . . 237
146 Mass Spectrum of 2,4-Dinitro-5-methylphenol . . . . . . 238 j
147 Infrared Spectrum of 4-Nitrobenzonitrile . . . . . .. 241 €
148 UV Spectrum of 4-Nitrobenzonitrile . . . .. . . . .. 242 %
149 NMR Spectrum of 4-Nitrobenzonitrile . . . . . . . .+« . . 243 ;
150 HFLC Chromatogram of 4-Nitrobenzonitrile . . . ., . . . 244 f
151 GC Spectrum of 4-Nitrobenzonitrile . . . . . . . . .. 245 :
152 Mass Spectrum of 4-Nitrobenzonitrile . . . . . . . . . 246 i
153 Infrared Spectrum of 3-Amino~4-nitrotoluene . . . . . . 250 %
154 NMR Spectrum of 3-Amino-4-niirotoluene . . . . . . . . 251 3
155 GC Spectrum of 3-Amino-4-nitrotoluene . . . . « « . . . 252 ‘
156 UV Spectrum of 3-Amino-4-nitrotoluene . . . . « + + . . 253

xiii




s

]

157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188

HPLC Chromatogram of 3-Amino-4-nitrotoluene . .
Mass Spectrum of 3-Amino-4-nitrotcluene . . . .
Infrared Spectrum of 3-Nitrobenzonitrile . . .
NMR Spectrum of 3-Nitrobenzonitrile . . . .

GC Spactrum of 3-Nitrobenzonitrile . . . . . .
HPLC Chromatogram of 3-Nitrobenzonitrile . . .
UV Spectrum of 3-Nitrobenzoniftrile . . . . .
Mass Spectrum of 3 Nitrobenzonitrile

Infrared Spectrum of 2-Amino-6-nitrotoluene . .
NMR Spectrum of 2-Amino-6-nitrotoluene . . . .
UV Spectrum of 2-Amino-6-nitrotoluene .

GC Spectrum of 2~Amino-6-nitrotoluene .

HPLC Chromatogram of 2-Amino-6-nitrotoluene . .
Mass Spectrum of 2-Amino~6-nitrotoluene . . .
Infrared Spectrum of 3,5-Dinitroariline . .

NMR Spectrum of 3,5-Dinitroaniline

GC Spectrum of 3,5-Dinitroaniline .

UV Spectrum of 3,5-Dinitroaniline . . . . . . .
HPLC Chromatogram of 3,5-Dinitroaniline .

Mags Spectrum of 3,5-Dinitroaniline . .
Infrared Spectrum of 2,3,6-Triniftrotoluene

GC Spectrum of 2,3,6-Trinitrotoluene . . . . .

NMR Spectrum of 2,3,6-Trinitrotoluene . . . . . .

HPLC Chromatogram of 2,3,6~Trinitrotoluene .
W Spectrum of 2,3,6-Trinitrotoluene . . .

Mass Spectrum of 2,3,6-Trinitrotoluene . . . .

Infrared Spectrum of 2-Amino-3,6-dinitrotoluene .

NMR Spectium of 2-Amino~3,6-dinitrotoluene .
UV Spectrum of 2--Amino-3,6-dinitrotoluene . .

HPLC Chromatogram of 2-Aminc-3,6-dinitrotoluene .

GC Spectrum of 2-Amino-3,6-dinitrotoluene .
Mass Spectrum of 2-Amino-3,6-dinitrotoluene .

xiv

* .

254
255
258
259
260
261
262
263
266
267
268
269
270
271
274
275
276
277
278
279
282
283
284
285
286
287
290
291
292
293
294
295

S PRI TN



(- IR BN S

10

11

12

13

14

15

16

17

18

TABLES

Combined Influent Data for IAAP , ¢ . v ¢ + « o o« «
Combined Effluent Data for TAAP , + + « « ¢ o o o
Combined Sampling Data for MAAP , ., . « « « &+ + «
Combined Sampling Data for LAAP . . « « v ¢ ¢ « o
Combined Sampling Data for LSAAP . . . « ¢« v « & &

Data Points Used to Establish a
Representative TNT/RDX RAt10 + o o o o o o o o o

Acute Toxicity to Daphnia magna of Syathetic LAP
Wastewatar Photoirradiated at Different Flow Rates

Combined VAAP Condensate Sampling Data from SRI . .
Combined VAAP Condensate Sampling Data from NSWC .

Combined VAAP Condensate Values for pH,
Nitrite, Jftrate, and TOC ., . . . . . « & &+ & « & &

Relative Percentages of Condensate Components
Derived from Computer Clusters . . . . . « « + +

90th Percentile Concentrations and Relative
Concentrations Determined for Condensate Components

Concentrations of Condensat¢ Components
Used in Sun-Shade Experimeant . . . . . .« ¢« « o+ o &

Concentrations of Condensate Components During
sun-Shade Experiment . . . . ) . . . . . . » . . .

Comparative Volatility Studies of Condensate
Couponents Under Outdoor Shade and Controlled
Laboratory Conditions . . . . . « + « + « ¢ « & & &

Relative Rates of Loss of Condensate Components
Due to Volatility and Photolysis . . . . « . « . &

The Percentage of Contribution of Photolysis
and Volatility to the Lose of Condensate
Component3 from Water . . . . . « ¢« ¢ o« ¢ o o o &

Relative Rates of Loss of Condensate
Components from the Environment as a
Function cf Photolysis and Volatility . . . . . . .

11
11

13

21
32
34

35

27

38

299

300

305

306

e

Rt et et ek e A e Al s e il ot o il i s b B bl .jhﬂl‘ﬂlﬁdllwﬂhﬂ MIWL“



19 Octanol/Water Partition Values
(log P} Determined for
Condensate Components .

20 Calculated Log BFC Values for
Condensate Wastewater Components

. 308

e * e % e 6 8 8 e & s e 309

1 et o el s

et

Avi

e et w8 Ty

)
%v T e S
»

e A R b i 0 LR AT SR TP (G Lo oy YO TS mﬁ‘
2 L s ol AL o
1 J% I O U SR | FPE DT U RS



v

1 INTRCDUCTION

The U.3. Army Medical Research and Development Command has been
directed to e=valuate the potential hazard to mammalian and aquatic
systems of wastewater discharged from TNT production and handling
facilities. Of primary concern is the potential toxicity of the
complex mixture that results from the photodegradation of TNT and RDX,
a mixture commonly referred to as LAP (load, assemble, and pack) waste-
water. Also of concern are the wastewaters generated at TNT production

facilities known as condensate water.

Under coatract with USAMRDC, SRI Internmational undertook extensive
chemical and toxicological studies, the respective objectives of which
were to identify and gquantify the chemical components of LAP water and
the photolytic changes they may undergo and to evaluate the toxicity
of TNT and those TNT-containing mixtures. The goa) was to determine
the responses cf mammals and aquatic organisms to long-term exposure
to the compounds found in the was:ewater discherges. This information
will aid the Army to develop a data base for recommending ambient water
quality criteria and for defining levels of treatment in its pollution

abatement programs.

This report summarizes SRI's chemistry studies during the period
1 April 1976 to 1 March 1978. Experiments were conducted to identify

~#hd quantify chemical components in LAP water and in condensate water

effluents from Army munitions plants, and these components were pre-
pared in sufficilent quantities for the toxicological evaluations. The
chemical components prepared included photoirradiated and nonphcto-
irradiated TNT/RDX mixtures (synthetic LAP water) and a synthetic
condensate mixture formulatad from numerous samplings of TNT production

i
!
i
!




wastewater. The results of the analytical chemistry evaluation of the

condensate components used in toxicological evaluations are presented,

This report also »ssesses the roles of volatility and photolysis
in describing the environmental fate of condensate components.
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2 BACKGROUND AND OBJECTIVES

In the production of munitions compounds, significant amounts of
wastewaters are generated and eventually discharged into the environ-
ment. These discharges contain many organic chemicals for which
toxicological data are gparse or for which environwental fates are

not known.

Before ambient water quality criteria for these diuncharges can
be established, the chemicals in the discharge must be ’‘dentified and
toxicological data must be obtained for each. However, when many
chemical components are discharged, the toxicelogical data often may
be influenced by synergistic or antagonistic effects arising from
interactions between the components. This can lead to incorrect

assessments of toxicological hazard.

A solution to this problem is to conduct toxicolcgic evaluations
of representative mixtures of the chemical components in the discharges.
This approach is more realistic for assessing the environmental impact
of the diacharge and is significaatly less costly than testing single
compounds if long-term toxicological testing is warranted.

The objectives of the analyvtical chemistry segment of this study
were: (1) to establish TNT/RDX ratios representative of discharges at
LAP facilities; (2) to investigate laboratory methods to prepare
photoirradiated residues for toxicological evaluation; (3) to identify
and establish representative distributions of organics in condensate
discharges at & TNT produccion facility; (4) to procure, via synthetic
routes or commarcial sources, tue organic compounds identified; and
(5) to supply snalytically characterized samples and mixtures for
toxicological evaluation. After these objectives were met, the factors
affecting the environmental fate of condensate cowpounds in aquat’c

systems ware investigated.
3
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3 EXPERIMENTAL APPROACH

3.1 Sources and Analysis of LAP Wastewater Samples

3.1,1 Sources

The LAP wastewater samples investigated in this study were obtained
from Yowa Army Ammunition Plant (IAAP; Burlington, Towa) und from Milan
Army Ammunition Plant (MAAP; Milan, Tennessee). Several samples of
LAP discharges also investigated were from Louisians Army Ammunition
Plant (LAAP; Minden, Louisiana) and from Lone Star Army Ammunition
Plant (LSAAP; Texarkana, Texas).

The LAP discharges were obtained from the Composition (Comp) B lines
at IAAP ang MAAP. Comp B 18 a mixture of TNT (60%) and RDX (40%). These
discharges may undergoc photolytic decomposition to create what is
called "pink water." The principal chemical investigations were to
establish representative ratios of TNT and RDX in numerous samples
tzken over a 12-month period and to develop photolytic methods to
generate pink water. Both nonirradiated and irradiated LAP water were
sutmitted for toxicological evaluation,

The majority of wastevwater samples were obtained on site by U.S.
Army Medical Bloengineering Research and Development Laboratory or
SRI personnel and hand carried or mailed to SRI laboratories for
analysis. In a few cases, sampling was performed by plant personnel
and samples were mailed to SRI,

3.1.2 Analytical Methods"

The determination of TNT and RDX in munitions wastewaters was
performed by high-pressure liquid chromatography (hplc) using reverse-
phase methods., The conditions for these analyses were--




¢ Instrument: Spectra-Fhysics Model 3500 B Liquid Chromatograph,

e Column: 30 cm x 1 cm C,4.u Bondapak Reverse-Phase (Water's
Assoc.).

¢ Solvent: Methanol/water, 60/40,

* Flow rate: 1.6 ml/min.

¢ Detection: uv at 254 nm.

* Sensitivity: 0.0025 aufs (absorbance units full scale).

¢ Retention time: 149 sec RDX; 209 sec TNT; 351 sec benzophenone
(internal standard).

The lower limits or detection were 0.4 ppm for RDX and 0.1 pym for TNT
at 254 nm. These limits could be lowered by a factor of 2 at 210 nm.
The lattar wavelengths were used for very low TNT and RDX concentrations.

Peal: areas were determined by digital integration usir; a Spectra-

Physics Minigrator. Quantitation was achieved by the internal stan- 3
dard mathod using benzoph :none as the internal staadard.

Samples were r:ceived by meil in Teflon-lined, screv-cap glass
bottles. They were Jdtored under refrigeratisn until the tiwe of
analysis. The sample bottles were hea 2d ca a steam bath (100° Cj,
filtered through sintered glass fur12l, anl acaiyzed by hplc. Many of
f the samples were also analyzed for nitrite by a modified Grieso

reagent® and for nitrate by ca mium column reduction® or by an ion-
specific electrode. (ther par.muters that were monitored weve pH,
determined with an Orion Model 70} digital pH meter, and total organic
carbon, determined with a Beckmap Modal 9154 TOU analyzer.

W b b b e

3.1.3 Campling Data
lowa Army Ammunition Plant

At TAAP, pollution abatement is practiced by pagaing shell

washout and housecleaning westewaters through diatomaceous earth fil-

P DR

ters and carbon columns before df.icharge. tastewater samples were
collected at points before the carbon column (influent) and immediately :




after :he carbon column (effluent). Tables 1 and 2 present the analyt.-
1cal results for the influent samples and the effluent semples, respec-
tively. In mome caszs, tha zovsous solubility of TNT eni RDX were
exceeded. In these cases, hot aliquots from the sample borties were

diluted prior to analysis.

In the influent samples, the TNT concentration ranged frecm
50.0 to 239 mg/liter, with a mean of 161.3 mg/liter. RDX concentra-
tions ranged from 27.8 to )73 ug/liter, with a mean value of 80.5
mg/liter. The TNT/RDX ratic rarged from 1.27 to 3.82, with a mean
value of 2,26.

In the effluent sumples, the TNT concentratiop ranged from
less than 0.05 f:0 24.3 mg/liter, with a mean value of 1.32 mg/liter.
RDX concerntratione ranged from less than 0.1 to 24.2 mg/iiter, with g
mean of 1.53 mg/liter. Tha TNT/RDX ratios for effluents were derived
from samples that had non-zerc denominutors. The mathematically
definable ratios ranged from 0 to 2.00 and had a ween value of 0.5

Milan Army Amunition Plant

At MAAP, wunitiuon-containing wastewster is directed to
sumps where the insolub_es settle, and it overflows into & small stream
lzaving the plant area. Samples were taken at the sumps of Area D and
at a small bridge crossing rhe road entrance to Area D. Table 3
presents the sampling data.

From 30 semples, the TNT concentrations ranged from less
than 0.05 to 210 mg/liter, with a mean value of 20.0 mg/liter. In
those samples, RDX concentrations ranged from 0.1 to 109 mg/liter, with
a mean value of 11.9 wg/liter. The TNI/RDX rstios varied froam 0 to
2.88, with a meen value of 1.02 for auwp sffluents.




Table 1
COMBINED INFLUEWT DATA FOR IAAP
(Miiligrams per Liter)

Date TNT/
i (1976) Description TNT _RDX RDX NO;.. NO,- _pH _TOC
! 2/23 Precolumn, Line 2 117 * - - -~ 792 -
2/23 Precolumn, Line 3A 87 36 2,42 o= - 7,85 =
2/23 Precolumn, Line 1 52 b -— - -~ 8,11 ==
3/29 Precolumn, Line 3A 119 39,6 3.01 = = 7,62 -

4/27 Precolurn, Lina 3A 129 41 3.14 5.1 3.3 7.27 «-~

$/24 Precolumn, Line 3A 219 98.3 2.22 5.8 2.6 7,26 ==

6/24  Precolumn, Line 3A 184 62 2,99 0.6 14,9 7,58 o~
; 8/5 Precolumn, Line 3A 150 62.7 2.3% 0.8 25.8 8,53 738
% 8/9  Prec-lumn, Line 3A 91 23,8 3.82 1.2 3L.5 7.82 63
8/9 Precolummn, Line 3A 190 50 3.80 2,9 48.6 8.11 103
8/16 Precolumn, Line 3A 208 95.4 2,18 0.87 26.0 7.73 107
8/1€¢ Precolumn, Line 3A 206 133 1,55 2,0 27.1 7.68 107
8/19 Precolummn, Line 3A 230 149 1.54 0.87 36 7.79 138
8/18 Precolumn, Line 3A 124 55.1 2.25 0,57 26.1 7.93 60
8/20 Precolumn, Line 3A 50 35.1 1.42 0.29 34 8.00 37.5
8/23 Precolumn, Line 3A 103 60,8 1.69 0.95 39 7.83 67.5
8/25 Precolumn, Line 3A 245 112 2,19 0,89 31 7.80 116
8/27 Precolumn, Line 3A 259 139 1.86 2.3 16 7.15 99
8/30 Precolumn, Line 3A 220 173 1.27 1,9 17.5 7.6C 106
9/1 Prec. lumn, Line 3A 217 154 1.41 2.2 16,0 8.15 106
8/27 Precolumm, Line 3A 208 89 2.3 2,0 35,5 7.98 106
8/27 Holding Tank 203 81 2.51 2.0 24,0 t,04 108
9/3 Line 31, Column 21 55.4 30.9 1,79 0,23 10.0 8 9 43
9/7 Lina 31, Colummn 21 123 87.6 1.40 0.55 IR 87.6

e TR T e e me e o
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* Less thar 0.1 mg/liter. .
-=Not Jeterminad. i
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Table 2
COMBINED EFFLUENT DATA FOx\ IAAP
(Milligrams per Litaer)

Date TNT/
; (1976) Description TNT RDX RDX NO;- NOp. _pH TOC
. 2/26 Carbon column,
| Line 2-14 10 * - - - 83 -
{ 2/26 Carbon colvmn,
: Line 3A-19 24.3 24.2 1.00 - - 7.55 —
‘, 2/26 Carbon column,
Line 1-5 o * A X e
[ 3/29 Carbon column 0.1 » - -~ - 7,40 ==
' 4/26 Carbon column,
Line 2A 0.3 * - 1.8 9.5 7,32 o~
525 Carbon column,
Line 3A 0.5 1.1 0.45 3.6 S.4 7,36 ~-
6/25 Carbon coiumm,
] 8/5 Carbon columm,
; Line 3A Wk * - 2,06 23 8.87 <1
} 8/9 Carbon column,
; Line 3A b * - 1.6 17.7 8.36 <1
| 8/9 Carbon column,
Line 3A bl * - 2.0 25 8,54 <1
8/12 Carben column,
Line 3A 0.85 * - 2.3 22,2 8,05 4
8/16 Carbon column,
Line 3A 0.23 1.1 0.21 1.4 25.5 7.64 4
8/16 Carbon column,
Line 3A 0.93 1.3 0.71 1.1 26.2 7,31 4.5
8/19 Carbon column,
! Line 3A 0.3 2.2 0.14 0.8 22.0 7,80 2
8/18 Carbon column,
| Line 3. 0.15 0.9 0.17 0.92 5.4 8,12 <1
8/20 Carbon column, ‘
Line 3A 0.3 0.6 0.50 <0.01 10.0 7.68 3 !
8/23 Carbon column, :
Line 3A a 0.5 — 2.8 9.0 7.96 7.5 |
8/25 Carbon column, ?
Line 3A b * -=- 1,7 19,0 7,97 8.0 ‘
8/27 Carbon column,
8/30 Carbon column,
Line 3A Ll ) 1.6 - 3.4 10.7 7.93 7
9/1 Carbon columm, |
Line 3A 0.15 -~ 41 20 822 9 §
9/7 Carbon columnm, %
Line 3A "k * - 1.7 4,0 8,00 7 ’
9/3 Carbon column,
Line 3A 6.2 0.1 2.00 0.25 6.0 8,11 4

"lass than 0.1 mg/liter.
#*Less than 0.05 mg/liter.
--Not determined.
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Table 3

COMBINED SAMPLING DATA FOR MAAP
(M{iligrsms pex Liter)

Date Location/ TNT/
(1976) Description INT RDX RDX NOg-
2/25 Presump, Line D41 80.5 28 2.88 ~-
2/25 After sump, Line D41 70.6 k.. 1.86 --
2/25 Plant D discharge 27.4 19 1.44 --
2/25 Plant X discharge 1.1 5 0.22 ~-
4/26 Plant X discharge 0.1 " -~ 0.1
4/26 Plant D discharye 0.7 2.0 0.35 0.7
6/24 Plant X Bldg. 41 25.5 15.4 1.66 0.05
6/24 Plant D, sump 2.4 3.2 0.75 C.05
7/26 X~41-Cleaning 210 109 1.93 0.2
7728 X-41-Comp B 1.7 1.3 1.31 %=
7/26 X~-41-Washings 117 48.2 2.43 %%
7/26 X-41~Kettle cleanup 5.6 9.6 6.58 A%
7/28 X-41-Comp B ot 1.4 - Ll
7/30 X~41-Comp B 0900 6.3 3.6 1.75 ek
7/30  X-41-Comp B 1000 4.1 5.2 0.79
7/30 X-41-Comp B 1100 wkk 0.% - 0.04
8/2 X-41~Comp B 0900 4.6 4.7 0.98 ol
8/2  X-41-Comp B 1000  #%% 1.6 -- 0.06
8/s X-41-Comp B 1000 0.8 0.7 1.14 ke
8/26 Line X effluent 5.7 4,2 1,36 4w
8/26 Line D effluent 2.3 5.6 0.41 %k
9/13 X-41 effluent 5.3 6.1 0.87 hh
9/14 X=41 effluent 5.3 3.8 1.39 #&
2/15 X-4) effluent 6.7 8.7 0.77 ek
9/16 X-41 effluent 6.3 7.5 0.84 Ll
9/17 X-41 effluent 6.8 5.8 1.17 %%
8/20 X-41 effluent 4.4 2.4 1.29 0.02
8/23 X-41 eftluent 1.6 2.6 0.62 0.04
8/24 X-41 effluent 3.8 3.7 1.03 0.0%
8/25 X-4]1 effluent 5.4 4.1 1.32 L

*Less than 0.1 mg/liter.

*#lgss than 0.02 mg/liter.

*hnlggs than

0.05 mg/l4iter.

-=-Not determined.
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Louisiana Army Ammunition Plant

LAAP directs its wastewaters to sumps. During the
sampling period, the sump effluents wer trucked from the sumps to
lagoons. Photolytic decomposition of TNT and RDX occurs in the
lagoons, and the environment may become contaminated during extremely
heavy rains when the lagoons overflow. Table 4 presents the data on

the four samples obtained at LAAP from sump and lagoon locatioms.

In the samples, the mean TNT/RDX ratio was 1.83, whereas
the lagoon samples had a mean ratio of 0.39. This indicates that
TNT has a greater photolytic reactivity than RDX and that the TNT/RDX

ratio is dynamic,

Lone Star Army Ammunition Plant

LSAAP handles 1its wastewaters similarly to LAAP, using
sumps and lagoons. Table 5 presents the data on the several samples
taken from the lagoons and from areas around the lagoons. (LSAAP was
not operating during the sampling period, so these data were not
included in the formulation of TNT/RDX ratios.)

3.2 Establishment of a TNT/RDX Ratio

As TNT and RDX are discharged into the envircament, the ratioc of
the two components becomes highly dynamic, principally because of the
high photochemical reactivity of TNT. Therefore, such factors as the
time of day or year and intensity of sunlight influence the ratio
greatly.

For initiation of the toxicclogical evaluations, a ratio was
selected that would represent the worst condition--nc¢ pollution abate-~
ment before wastewater discharg.. This condition is represented by
TAAP influent, MAAP sumr effluent, and LAAP gump effluent data.
Averaging of thege data cesulted in the establishment of a

10
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Table 4
COMBINED SAMPLING DATA FOR LAAP
(Milligrame per Liter)

Date TNT/
(1976) Location TNT RI'X ROX NO;- NO,- pH TOC
2/26 Ditch runoff from
Red Water Lagoon * i - - - 7.51 -- ;
2/26 Lagoon - red water 26 35 0.74 ~-- -~ 8,18 -~ :
2/26 Sump - melt and :
pour facility 78 34 2.29 -- - 7.82 -- t
2/26 Road dift:ch near melt :
and pour facility 1 6 0.17 -- - 8,78 ~-- ;
5/24  Active pit 30 102 0.29 25.3 7.87.81 -~ :
5/24 S-Line 201 112 1.78 19.3 150 7.54 ~- _
5/24  Healthy pit 1.1 2.8 0.39 0.5 15.4 7.85 =-- ;
6/24  Activa pit 43 9 85.5 0.51 0.7 110 8.25 -- ;
6/24  Sump Line § 275 189  1.46 12,2 221 7.94 - .
8/26 Pond S - nn rain 7.7 82 0.03 6.9 56 8.35 135 §
8/26 Line 5 sump 12 68 1.80 102 39 7.75 77 i
*Less than 0.05 mg/liter. R
#%Less than 0.1 mg/liter. Py
--Not determined. 3)
Table 5 %
COMBINED SAMPLING DNATA FOR LSAAP é
(Milligrams per Liter) é
Date T~T/ E
(1976) Location TNT RDX RDX NO,- NOs- pH TOC :

2/25 Sump effluent, Area 0 116 82 1.41 -~ -~ 7.46 -
2/25 Settling pond, Area 0 1.4 1€ 0.09 -- - 7.24 --
2/25 Surface drainage at

6th St. * 5 — = - 6.78 - .
2/25 Second settling pond 0.1 13 0.61 -- -~  6.10 -- P
4/28 Settling pond, Area O 5.1 10.3 0.49 3.2 25 7.13 --
4/28 6th St. discharge * *k - 0.1 3.8 6.60 -~

*Less than 0.05 mg/liter.
**Less than 0.1 mg/liter. i
--Not determined.

e e B bt R 17
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representative TNT/RDX ratio. From the data points in Table 6, a mean
ratio velue was determined to be 1.62 with a standard deviation of
0.90. The coefficient of variation for the ratio was 0.55.

3.3 Analysis of TNT/RDX Mixtures in Feed for Toxicological Evaluation

To assure for the toxicity evaluations that animal diet prepara-
tions were mixed correctly and that TNT/RDX concentrations were admin-
istered at the correct dosing levels, analytical methods were developed
to determine TNi' and RDX in animal feeds. The procedure established

was found to work satisfactorily.

To 10 g of feed containing INT and RDX was added 50 ml of dichloro-
methane, and the suspension was stirred for 30 min with a magnetic
stir-bar. The suspension was filtered through a pad of Celite, and the
filtrate was passed through a 2-inch column of Florisil that had been
deactivated with 5% water. (The Florisil must be deactivated with
water before the complete recovery of RDX can be attained.) The
column was washed with 100 ml of dichloromethane, and the extracts
were rotary evaporated to dryness. The residue was taken up in ethyl
acetate and quantified by reverse-phase hplc as described in Section

3.1.2. The recovery of both compounds was 99%.

For determination of the stability of TNT and RDX in feed, stock
feed diets were analyzed weekly for 4 weeks. At the end of that period,
a greater than 95X recovery of both TNT and RDX was achieved.

i
j
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Table 6
I DATA POINTS USED TO ESTABLISH A REPRESENTATIVE
‘ TNT/RDX RATIO
Date
(1976) AAP TNT/RD),
8/5 IAAP col. infl. 2.39
e/9 IAAP col. infi. 3.82
8/12 TAAP Col. 1infl. 3.04
8/16 IAAP col. infl. 2.18
8/16 TIAAP col. anfl. 1.55
8/19 IAAP col. infl. 1.54
8/i8 TAAP col. infl. 2.25
8/20 IAAP c¢cl. infl. 1.42
8/23 IAAP col. infl. 1.69
8/25 TAAP col. infl. 2.19
8/27 IAAP col. infl. 1.86
8/30 IAAP col. infl. 1.27
9/1 IAAP col. infl. 1.41
8/27 IAAP col. infl, 1.79
9/3 IAAP col. infl. 1.40
2/23 IAAP col. infl. 2.42
6/24 IAAP col. infl. 2.99
4/27 IAAP col. infl. 3.14
5/24 IAAP col. infl. 2.23
3/29 IAAP col. infl. 3.00
2/23 IAAP col. infl. 2.34
7/26 MAAP sump effl. 1.93
7/26 MAAP sump effl. 1.31
7/26 MAAP sump effl. 2.43
7/26 MAAP sump effl. 0.58
7/28 MAAP sump effl. 0
7/30 MAAP sump effl. 1.75
7/30 MAAP sump effl. 0.79
8/2 MAAP sump effl. 0.98
8/5 MAAP sump effl. 1.14
/15 MAAP sump effl. 0.77
9/16 MaAP sump effl, 0.84
9/17 MAAP sump effl. 1.17
; 9/13 MAAP sump effl. 0.87
: 9/14 MAAP surn effl. 1
' 8/26 MAAP sump effl. 1.
g 8/26 MAAT sump effl. 0.44
: 6/24 MAAP sump effl. 1.66
2/25 MAAP sump effl. 1.86
: 8/20 MAAP sump effl, 1.29
1 8/23 HMAAP sump effl. 0.62
' 8/24 MAAP sump effl, 1.03
, 8/25 MAAP sump effl. 1.32
1 2/26 LAAP sump 2.29
% 5/24 LAAP sump 1.78
t 6/24 LAAP sump 1.46
SR 8/26 LAAP sump 1.80
‘ i mean X = 1.62; SD a = 0.90; Coeff. Var. a/% = 0.55.
L 13
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P 3.4 Preparation of Photolyzed TNT/RDX Residues

, LAP wastewater pliotodegrades in sunlight producing--and introduc-
\
*%~ ing into the environment--a complex mixture of components. Evaluation

of the toxicological properties of this mixture required the development
cf laboratory methods that approximate sunlight conditions to produce
photoirradiated residues and to assess the effects of photoirradi~’ion

. i a1

ag a function of time.

3.4.1 Analytical Metheds and Sample Profiling

TNT and RDX concentrations were determined by reverse-phase hplc 1
as described in Section 3.1.2. To profile the photclysis products,
the photolyzed solutions were acidified tc pH 1 and extracted twice
with diethyl ether. The ether extracts were combined, dried over

anhydrous sodium sulfate, and concentrated by rotary evaporation. The

xutracts were then chromatographed under the following conditions:

¢ Instrument: Spectra-Physics Model 3500B Liquid Chromatograph.
Column: 1/4 inch x 30 cm u-Porasil (Waters Assoc.). 1

¢ Solvent: (A) Hexane; (B) CHaCl,/CHsOH/isopropyl alcohol
(79/15/6, by volume).

1 ¢ Gradiemt: 5% (B) in (A) 4-min delay; program to 94% (B) in (A)
in 76-min sweep time using a linear gradient program.

e TFlow rate: 1.2 ml/min.

¢ Detector: uv at 254 um.

To prevent the chromatographic trace from of fscale deflection due

to the change in solvent gradient, a duplicate column was placed
parallel with the working column. The solvent line was split before i
the injector to run solvent to the duplicate columm and thzough the :
reference cell of the detector. By this technique, baseline drift was

kept to a minimum.

3.4.2 Photolytic Methods /

A flow-through photolytic reactor was designed to prepare TNT/RDX

pbotoirradiated residues for toxicological evaluation. Figure l is a

i
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diagram of the reactor system. The reactor is a quartz immersion well
reactor containing a Pyrex glass coil around the lamp well. Pyrex is
used to filter out wavelengths below 294 nm and pass wavelengths above
294 nm, which approximate sunlight. The light source is a Hanovia
1200-watt, med{ium-pressure mercury lamp operating at 310 volts. The
lamp 18 cooled by pressurized airflow, and the reactor and Pyrex cofls
are cooled by tap water entering at 22° C and exiting at 28° C, at a

flow rate of 6 liters/min.

TNT/RDX solutions are pumped at controlled flow rates using a
Masterflex pump, and Viton tubing is used throughout because of its
low absorptive properties. The solution is introduced at the top of

the reactor to sweep precipitate materials from the Pyrex surfaces.

For the lavge-scale production of photolyzed materials, four 4
reactors were placed in a series, and solution flow rates were increased 7
by a factor of 4. Cooling water was introduced irto each reactor
individually. To conserve water, we used a 10-gallon water chiller
equipped with a l-ton condenser unit, and water was recycled via sub-
mersible pumps. This unit was suitable for cooling two reactor units,

and th2 remaining two reactor units were cooled by tap water.

3.4,3 Laboratory and Sunlight Photolysis

For comparative studies in natural sunlight, TNT/RDX solutioms i
were placed on a rooftop in a glass crvstallizing dish (90 x 100 wm)
covered on all sides so that light could enter the solution only through
the surface. The solution was stirred with a magnetic stir bar. These
experiments were performed on werm summer days in June and July at
3Rl's headquarters in Menlo Park, California.

The rooftop studies were performed to generate chrcmatographic
profiles that could then be compared with chromatographic profiles
generated by the laboratory reactor system. These rooftop studies
showed that TNT photodecomposition followed zero-order kinetics and

T T Tormn e v mmmp e
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was independent of RDX. However, the rate of photodecomposition of RDX
was highly dependent on the prisence of TNT. Figure 2 illudtrates the
changes in concentration of TNT and RDX as & mixture and alome with
exposure to sunlight. RDX photodegraded approximately five times faster
in the absence of TNT. Possible explanations for this are that, in the
TNT/RDX mixture, RLX cannot compete successfully for the light or that
photolytically excited states of RDX are quenched by TNT and its
photoprodu~ts.

48 shovm in Figure 3, the photodegradations of TNT and RDX in the
laboratory flow-through reactor depended on flow rate (residence time)
and increased rapidly at low flow rates (100 to 10 ml/min). The
relative degradation rates of TNT and RDX approximated those of the
components alone in sunlight.

To assure that the mercury lamp photolysis was yielding a similar
distribation o” "NT/RDX photoproducts as sunlight, chromatographic
profiles of 1 op and laboratory photolysis for similar levelr of
TNT photodegrad “on were compared using normal phase hplic (Section
3.4.1). Figure 4 presents the chromatographic profiles for the mercury
lamp and sunlight p*~tolyses at 992 TNT photodegradation. This end
point was selected .s a "best-case" condition tased on previous toxi-
cological data® ¢ showed acute toxicity (to both mammals and fish)
jecreased as a function of photolysis. The profiles match closely,
indicating that light from the mercury lamp filtered through Pyrex is a
ressonable approxims~ion of photolysis by sunlight for TNT/RDX mixtures.
Components in the profile were tentatively identified (see Figure 4) by
comparison of their retention times with those of known standards.

3.4.4 Establishment of a Photoirradiation End Point

Once the artificial light source and flow through reactor system
had been developed, the next task was to determine a flow rate through
the reactor that defined the TNT and RDX concentrations at a selected
end point. This would yield a chemical end point that could bde
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reproduced should any variations in flow rate or in light intensity
in the reactor lamp occur.

The selection of the end point was based on the response of
the vater flea (Daphnia magma) to flow rate through the reactor
(photolytic degradation) in "flow-versus-toxicity" studies.® An end

point vas defined as the flow rate at which 2 stable toxicological
responsa was obtained. Table 7 lists the TNT and RDX concentrations
for different flow rates and the 48-hour EC50 valuas for Daphnia magna
at each flow rate. From these data, photoirradiation end points were )
salected to be at TNT concentration levels of 0.1 mg/liter (+ 100%) and P
at RDX concentrations of 2.3 mg/liter (i 100%). §

Table 7

ACUTE TOXICITY TO DAPHNIA MAGNA OF SYNTHETIC LAP
WASTEVATER PHOTOIRRADIATED AT DIFFERENT FLOW RATES

Flow TNT RDX EC50
(ml/min) (mz/1iter) (mg/1liter) (mg/liter)

99 1.27 12.9 15.0

73 0.45 10.5 22.6

S3 0 9.3 27.1

34 ' 6.5 >28.2

18 \ 2.3 >28.2 ;
10 0.u. 0.07 >28.2 {
5.4 0.01 0.003 >28.2

0 32.0 20.2 -
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3J.4.5 Preparation of Photoirradiated Materials for Toxicological
Evaluations

With the chemical end point defined, the following procedure wvas
used to prepare photcirradiated materials for the mammalian toxicolog-

ical evaluations:

Solutions of TNT and RDX were prepared individually in 55-gallomn
drums with polyethylene liners, and their respective concentrations
were monitored by hplc. Then 'he solutions were comhined to give a
TNT/RDX ratio of 1.6/1.0 in another 55-gallon drum. TNT concentrations
averaged 32 ppm, and RDX concentrations averaged 20 ppm. The combined
solution was pumped through the four-unit photolytic reactor system at
60 to 100 ml/min. The photolysate was collected in a 55-gallun drum
and acidified to pH 1.5; 3-liter portions were extracted with l-liter
portions of diethy! ether. The ether extracts were combined and rotary
evaporated for removal of the majority of the ether. The remsining
extract was frozen in dry ice/acetone and lyophilized to a brown
residue. This residue contained 10T RDX and 0.32% TNT.

For aquatic toxicological e\mﬂﬁntio“s. the photolysate was used

directly as an aqueous solutimi from the reactors.

~

When this reactor system is used with chemical photolysis end
points or 0.1 ppm TNT ¢ 100 and 2.3 ppm RDX *+ 100X, approximately 4

hours of irradiation time is necessary to ~roduce 1 g of material.

3.5 Ildentification and sampling cf Condensate Wastewater Components

3.5.1 Source

This study entailed the sampling and snalysis of wastewaters
generated during the production and purification of TH at Volunteer
Army Ammmnition Plant (VAAP) in Chattancoga, Tennessee. All vastewvaters
produced at VAAP are concentrated by evaporation. The condensate of
the evaporative process is diccharged from the sunition facility without
the application of further pollution abatemen: procedures except for pH
control and dilution from other industrial c erations.

22




The evaluation of this wastewater, caslled "condensate wastewater,'
encompassed the identification of commonents in the discharge, quanti-
fication of the identified components, and development of a rapresen-
tative ratio of discharged components based on ssmpling studies over
a 12-month period. Also incorporated into this sampling program were
ssmpling dats taken concurrently by the Naval Surface Weapons Center
(NSWC) under the direction of Dr. N. E. Burlinson.

3.5.2 Analytical Msthods

The analysis of condensate wastewater samples was performed by
gas chromatography (gc). In the early stages of the sampling progrem,
only major components wers identified and quantified in the chromato-
graphic profile. As the identifications of minor components were
confirmed (through laboratory synthesis of authentic compounds),
quaptitative data for these components were also generated. In the
final stages of the sampling program, glass capillary gc was used to
resolve the complexity of condensate mixtures, as described in the
appendix.

Condensate samples were analyzed for pH, nitrite, nitrate, and
total organic carhon according to the methods described in Section
3.1.2.

Diethyl ether extracts of condensate wastewater that had been
dried over anhydrous sodium sulfate and concentrated by rotary evapora-
tion were analyzed under the fnllowing gc conditions:

s Instrument: Hewlett-Packard Model 5711 Gas Chromatograph.

e Column: 6' x 1.3 mm ID glass column packed with 10X DC-200
on 80/100 wesh Gas Chrom Q.

* Temperature: 105 to 200° at 4°/mii. column; 300° detector;
on-column injector.

e Flow Rate: 30 ml/min N;.
e Detection: Flame ionization.

23




Quantitation was achieved using the internal standard (benzo-
phenone) method and area response compiled by a Hewlett Packard 3380

integrater-recorder. Figure 5 Is a typilcal gc profile of a condensate
wastewater extract.

Condensate components were identified using an LKB 9000 gas chro-
matugraph/mass spectrometer (gc/ms) equipped with a PHP-12 computer.
Mass spectral data were stored on magnetic tape and re talled to confirm

identifications of new samples. A 107 NC-200 column was used to

parallel the quantitative analysis repozts and to assure chat peak

identifications in this phase were correct.

3.5.3 Identification of Condensate Components

The organics in condensate wastewater are steam distillates
resulting from the evaporative process. These organics are sometimes
overshadowed by ''red water' components (resulting from the Sellite
process) that infrequently arise from a 'bumping over" of the pot
residue.

Since the components of condensate wastewater are somewhat vola-
tile, gc/ms was used extensively for their identification. Identifi-
cations were confirmed by comparing the data derived with those for
authentic samples cbtained from commercial sources or synthesized

at SRI. Exhibit A lists those compounds identified in VAAP condensate
wastewater by SRT and NSWC.

Toluene i3 the basic starting material in the synthesis of TNT, so
its presence in discharjed wastewaters was not unexpected. The source
of N-nitroscuorphoiine (I) is unclear. However, morpholine was identi-

fied as being an industrial water additive in Betz NA-7 used at VAAP.

Because nitrite and actd (yellow water) are generated at various points ]

in the process streams, -he potential for N-nitrosation to occur at
munition facilities is ny {T3. 1).

24
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Exhibit A

COMPOUNDS IDENTIFIED IN CONDENSATE WASTEWATER

Toluene 1,5~Dimethyl~2,4~dinitrobenzene (gzg;;)

i N-Nitrosomorpholine (I) 1,3,5-Trinitrobenzene (XV)

é N-Morpholinoacetonitrile (II) 2,4,6-Trinitrotoluene

f 2-Nitrotoluene 2,3,6-Trinitrotoluene (XL)

§ 4-Nitrotoluene 3-Amino-2,4~dinitrotoluene (XXII)

§ 3-Methyl-2-nit.rophenol (VI) 4~Amino-3,5-dinitrotoluene (IV)

é 5-Methyl-2-nitrophenol (VII) 3-Amino-2,6-dinitrotoluene (XX)

E 3-Nitrobenzonitrila 4-Amino-2,6-dinitrotoluene

? 4-Nitrobenzonitrile 2-Amino~4,6-dinitrotoluene

4 1,3-p" vitrobenzene (XIV) 5-Amino-2,4-dinitrotoluene (IX)

E 2, ‘Dinitrotoluene 3,5~Dinitrcaniline
2,5-Dinitrctoluene (XXIII) 5-Methyl-2,4-dinitrophenol
2,4~Dinitrctoluene 2-Amino-3,6-dinitrotoluene (XXXII)

2,3-Dinitrotoluene (XIX)

3,5-Dinitrotoluvene (III)

3,4-Dinitrotoluene
2-Arino-4-nitrotoluene
2-Amino-6-nitrotoluene (XI)
4-Amino-2-nitrotoluene (XTI)

3-Amino-4-nitrotoluene (XIII)
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The source of N-morrholinoacetonitrile is also unclear. However,
compounds possessing the structure of Il have been reported® to be
effective algicides, so N-morpholincacetronitrile may arise from the

decomposition of such analogs when used as water additives.

0
N:c-clzu-'c':—m NaCCH,
N N
) N [0 j @
o ’
II

Two of the three isomeric nononitrotoluenes were observed, as vere
all six isomeric dinitrotoluenes. All these compounds are expected
nitration products of tcluene, except for 3,5~dinitrotoluene (III),
which may arise from the dlazotization and decomposition of 4-amino-
2,5~dinitrotoluene (IV) in water (Eq. 3) (see Section 3.7).

CH; CH!
]
+HONO Ha0 O 3
OaN NO, d" 0,8 NO,
NH,
v 111
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The nitrophenols may result from the nitration of 3-methylphenol
(V) to yield 3-methyl-2-nitrophenol (VI) and S5-methyl-2-nitrophenol
(VI1) (Eq. 4) eand a dinitration product, 2,4-dinitro-5-methylphencl

1 OH OH OH OH
# NO; m, OIN
: - O, 0™ 0L,
T CH’ CH’ H'c ~ cﬂs
NO,
v VI vII VIII i

—

(VIII). Compound VIII was also found in the synthesis of 5-amino-2,4-
dinitrotoluene (IX) from 2,4,5-trinitrotoluene (X) und may result in

condensate wastewater by this route (Eq. 5).

CH, He s ]
NO, NO, NO, 'f
H,0 , .‘
+NHy —2-> + (5) q
04N HaN \'/I HO |
NO, NO, NO,
X X

The aminonitrotoluenes [2-amino-6-nitrotoluene (XI), 4 amino-2-
nitrotoluene (XI1), and 2-amino-4-nitrotoluene (XIII)] may be microbial

- N P DR Y

reduction products of the two major dinitrotoluene icomers, 2,6- and
2,4~dinitrotoluene (Eq. 6). The microbial reduction of aromatic nitro ;
groups has been shown to be a predominant pathway in the biodegradation

3 o X0 04N Hy s CH,
NO, 2 Microbial, NH, NO HH,
Plinkiee i 3
+ Reduction + O + (6)
NH,

WO, NO;

P U SO

X1 XII XILI
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of selected pesticides.®>’ Although these components were observed in
a few samples, their formation may depend on their residence time in
settling ponds before their transfer to the evaporators.

The aminodinitrotoluenes may be produced by nucleophilic substitu-
tion of ammonia on isomeric trinitrotoluenes. The characteristics of
the major TNT isomers resulting from TNT production correlated with
those of the major aminodinitrotoluene isomers found in condensate
wistewater. Figure 6 summarizes these reactions. Microbial reduction
does not appear to be responsible for these compounds (except possibly
for 2-amino-4,6-dinitrotoluene) since their distribution in the

sampling program was predictable.

Two nitrated benzenes were observed--1,3-dinitrobenzene (XIV) and
1,3,5~trinitrobenzene (XV). These compounde may arise from the nitra-
tion of benzene or through decarboxylation of their corresponding
acids (Eq. 7).

CH, COOH
NOa 02 NO,
o] -
O = @’ = O
NO2 NO, NO,
X1y
(7
CH, COOH
OQN NOQ [o] OQN NO, OSN Rol
- A >
NO, Nol NO.
xv
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‘ MAJOR ISOMERIC MOLECULAR WEIGHT
: TNT IMPURITIES - 197 PRO™. CTS
3
| CH, CH,
! NO, NO,
; + NH, ——— Xvix
!
; NO, NH,
NO, NO,
i o CH, . CH,
/ 0, N o,N NO
. 2 2 2 2
| \@ g XVl
: NO2 NHz
b '
E
. CH, CH,
NO, NO, ix
O oy ———
o,N HN
NO, NO,

MINOR IMPURITY ¢
CH

CH, 3
———————— '_Y 1
|
O,N NO, o,N NO, l 1
NO, NH, ;j
FROM ‘.:‘,‘A,S-TNT cH, i
cHs ca, |

Q,N NO, O,N NO, 0N .
———— ! + ;
|

NO NH, 0,

FIGURE 6 POSSIBLE ROUTE OF FORMATION OF AMINODINITROTOLUENES
IN CONDENSATE WASTEWATER
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Except for the effect of nitrating reagents on water additiveo,
finding many nitrcaromatics in the condensate discharge was not sur-
prising. Higher specifications for the purity of toluene used in the
process may reduce the formation and outflow of several products,
but the majority of the products probably are unique to the present
manufacturing conditions and may only be eliminated by major changes
in the manufacturing and purification processes.

3.5.4 Sampling Data

The data reported here are the combination of snalyses performed
by SRI and NSWC from 25 Februar;, 1976 to 22 January 1977. Samples vere
collected as described in Sectiu™ 3.1,2, The SRI data are listed in
Table 8, and the data from NSWC are listed in Table 9 and reflect the
observed concentrations (mg/liter or ppm) of those compounds listed
in Exhibit A.

Mass spectroscopy was used to quantify the aminonitrotoluenes
because these co~.c.:'uts were underlying peaks of major components.
Using selective . roniter’ig, we found that 2-amino-4-nitrotoluene,
4-amino-2-ni* '« \sene, iau 2-amino-6-nitrotoluene were present in
Sample 61 at 0.>" ppm, 0.08 ppm, and 0.02 ppm, reapectively, and in
Sample 65 at 0.02 ppa, 0.03 ppm, and 0,02 ppm, respectively,

Table 10 1ists the values for pH, nitrite, nitrate, and total
organic carbon obtained for the samples listed in Table 8,

3.6 Establighment of : . -iuent?’ . Jischarge Ratios for Condensate
Component..

The sampling data were highly variable, showing no consistent
pattern of component outflows by vi " inspection or by mean value
of determinations. Since the obje + was to cdatermine a represen~
tative distribution of component concentrations in a discharge, we
applied cluster anslysis of the data points using a computer program
developed at SRI for handling multivariata data.

K}
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Table 10
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Essentially, this clustering program is a multivariate extension
of the process of graphing data cases with two variables and pictorially
dividing the data into clusters on the basis of proximity. The mean
for esach of the two variables is computed and represented graphically,
The data case furthest from the mean starts a second cluster, the firsat
cluster containing all the remaining data points. The criterion for
allocation of all further cases is the total error--the sum of distances
squared from each data case to the cluster mean of the cluster to which
it is assigned. This procedure of minimizing total error is designed
to minimize distances within clusters and maximize distances between

clusters.

Each data case from the first cluster is sequentially moved into
the second cluster, which initially contained only one case. The
cluster means and toctal error of the two clusters are computed after
the move, and the case is returned to the first cluster After total
err 1is computed for all data casca, the data case, if any, for which
total error ig minimum and lesg than the total error with only one
case in the second cluster is now assigned to the second cluster. Data
cases are added to the second cluster in this mammer. When the total
error can no longer be reduced by addition of a data case to the second
cluster, the point furthest from its cluster mean is designated to
start a third cluster. All data cases from the first and seccnd clus-
ter avre tested for reduction of total errur by being moved intc ome of
the two other clusters, as above. This process is repeated until some
presslected maximum number of clusters has besn obtained. The mmber
of clusters actually used for analysis is chosen by the program user.

Using 1?7 variables (major components plus pil, aitrite, aitrate,
and TOC) from 45 condensate samgles in Table 8, the clwstering saslysis
wvas performed. At five clusters, the dsts were divided into two major
clusters consisting of 18 camples cach and t '¢s minor clusters. Table
11 shows the representative perceatage of the distribution of cempaments




described in each of the major clusters and the average perceatage of
distribution determined from the two clusters.

Table 11

RELATIVE PERCENTAGES OF CONDENSATE COMPONENTS
DERIVED FROM COMPUTER CLUSTERS

Cluster 1 Cluster 2

___Condensate Component ppm X ppm 4 Average (Z),.‘
1,3-Dinitrobenzene 1.09 9.1 2.9 11.2 10.2
2,6-Dinitrotoluene 2.66 22.2 5.98 23.1 22.7
2,5-Dinitrotoluene 0.1 1 0.3 1 1.0
2,4~Dinftrotoluene 5.3 44.2 13.7 52.9 48.6
3,4-Dinfcrotoluene 0.2 1.7 0.54 2.1 1.9
2,.3-Dinftrotoluene 0.4 3.3 0.53 2.0 2.7
2,4,6-Tinftrotoluene 0.5 4.2 0.54 2.1 3.2
S-Amino-2,6~dinftrotoluene 0.34 2.8 0.26 1 1.9
NK-Nitrosomorphol ine 0.1 1 0.13 0.5 0.7
N-Morpholincacetonitrile 0,24 2 0.24 1 1.5
J-Amino-, 4 dinitrotoluene 0.78 6.5 0.31 1.2 3.9
}-Amino-2,6-dinitrotoluene 0.14 1.2 0.27 1 1.1
S-Amino-2,4~dinftrotoluene 0.15 1.3 0.18 0.7 1.0

As more data became available for the minor components, these
dats were combined vith the data provided by NSWC (Table 9), and the
U.S. Arwy Medical Bioenginearing Research and Development Laboratory
developed a representative percentage of distridbutiou of condensate
components, as shown in Table 12. This wvas accomplished by taking the
90th percemtile concentration of those compounds that appeared in at
least 10T of the samples and dividing that number by the sum of the
concentrations of all cther comp ents. For those compounds that did
oot have s nom-zero 90th percentils concentration, a mean non-zero
concentration vas determined and it waes then divided by the sum of the
concentrations of the other components.
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Table 12

90TH PERCENTILE CONCENTRATIONS AND RELATIVE
CONCENTRATIONS DETERMINED FOR CONDENSATE COMPONENTS

# Compounds were not presert in 10% of the samples,
Value giver reoresents the mean of the non-zerc values.

90th Percentile Relative
Concentration Concentration
Condensate Component (mg/liter) (%)
Toluene 0.200 0.590
2-Nitrotoluene (NT) 0.03%0 0.089
L4-Nitrotoluene 0.100 0.295
§—Nitrobenzonitr11é* 0.013 0,035 ; ’
%-Nitrcbenzonitrile 0,009 0.027 ;
2-Amino-L-NT 0.0%3 0.097
2-Amino-6-NT" 0.010 0.0; g’
%-Anino-L-NT" 0.027 0.080 |
3-Methyl-2-ni trophenol 0.C12 0.,0%5 .
5-Methyi-2-nitrophenol 0.0%2 0.094
1,%-Dinltrobenzene (DNB) 4,000 11,803
2,3-Dinitrotoluene (DNT) 0.4o0 1.180
2,4 -DNT 14,700 43,377
2,5-DNT 0.400 1.180
2,6~DNT 7.300 21.51
3,4~DNT 0.500 1.475
3, 5-DNT 0.520 1.534
3 5-Dinitroaniline 0.058 0.171
i 1,5-Dimethyl-2,4-DNB (D¥X) 0.390 1.151
f 2-Amino-3, 6~DNT 0.030 0.089
i 2-Amino-4 ,6-DNT 0.020 0.059 !
ﬁ Z-Amino-2,4-DNT 1.500 b 426 i
3-Amino-2, 6~-DNT 1,209 3,541 i
4~Amino-2, 6~DNT 0.6C2 1.770 !
L4-Ami 0=3, 5-DNT 0,200 0.59C ;
5-Amiac-2, l.~DNT 0.700 2.066 i
2,h—Dinitro-S-methylphenol* 0.085 0.251 ;
1,3, 5-Trinitrobenzene (TNB)* 2,153 0.451 %
2,%,6~Trinitrotoluene (TNT)* 0.268 0.791 %
2,k, 6-TNT 0.400 1.1%0 ]
|
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The data in Table 12 represent the relative distribution of com-
ponents to be expected in a condensate discharge at VAAP. Although
these data are derived from a larger data base than those used in the
cluster analysis, the component distribution patterns are similar,
verifying the reliability of the methods.

3.7 Methods for the Synthesis of Condensate Components

Of the 33 compounds identified In condensate wastewater, many

could not be obtained from commercial sources. Therefore, methods
were developad to synthesize these compounds in sufficient quantities
for the mammalian and aquatic toxicological studies.

The procaedure - and synthetic routes for the preparation of both
intermediate and final products are detailed in the following sections.

f 3.7.1 Preparation of 2,3-Dinitrotoluene (XT¥) ;;
t :
; CHy Hg CHy
: HAc
: NHo NHAc N .
P Ac,0 HNO
e (O e |
: 88% HOAc NO2 i
£ i 1
|
' XVI XVII
25%| HCi
] A ]
| |
3
‘ Cila Hz0z CHa E
e, NOE HOA [+ 2 ,f
™ Ho304 z%
(,/' Q——i‘—'— i
‘ NO2 6 < 'NOp
XIX XVIII

O—Acetoiopiuimide (XVI)

Acetic enhydride (3000 g, 29.4 wol) was added to a mixture ]
of 3000 g (28.0 mol) of o-toluidire, 590 ml of water, and 1000 ml of

i
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acetic acid at 40 to 45° over a l-hr period with ice/water cooling.

The reaction mixture was poured into 20 liters of cold water to precip-
itate the product, which was removed by filtration and dried to yield
3680 g of materisl (88% yield).

N-Acetyl-2-Amino-3-Nitrotoluene (XVII)

O-Acetotoluimide (960 g, 6.4 mol) was added to a mixture
of 3600 g of 90% nitric acid and 1200 g of glacial acetic acid at 5 to
10°, The reaction mixture was stirred at 25° with ice/water cooling
for 3 hr and then poured into 8 liters of ice/water to precipitate the
product. The prnduct was removed by filtration but was dried ¢nly with
difficulty; therefore, it was slightly wet when used in the next step.

2-Amino-3-Nitrotoluene (XVIII)

Half the product obtained from the nitration of 0O-aceto~
toluimide was refluxed in 4 liters of hydrochloric acid for 7 hr,
during which time an additional 600 ml of hydrochloric acid was added.
The hot reaction mixture was poured into 20 liters of cold water to
precipitate the product, which was removed by filtration and dried.
Recrystallization from hot methancl yielaed 123 g of product, a 25%
combined yield for nitration and hydrolysis.

2,3-Dinitrotoluene (XIX)

2-Amino-3-nitrotoluene (400 g, 2.6 mol) was added in small
portions to a mixture of 2000 ml of acetic acid, 25 ml of sulfuric acid,
and 600 ml of 93% hydrogen peroxide at 80 to 90°. The reaction exo:herm
mcintained tlie temperature without external heating. After the exotherm
had ceased, 350 ml of 30% hydrogen peroxide was added, and the reaction
was heated to 80 to 9C° ror 3 hr more. The mixture was then cooled and
poured into 8 liters of cold water. The product was removed by filtra-
tion and recryetsllized from methanol; 220 g, 46% yield.
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3.7.2 Preparation of 3-Amino-2,6-Dinitrotoluene (XX)

l CHg CHq

OzN NO, 0N NO2
=, "0

: —_——

KOH o

284

f XX

A mixture of 500 g (275 mmol) of 2,6-dinitrotoluene and
50.0 g (720 mmol) of hydroxylamine hydrcchloride in 1100 ml of 952
ethanol was placed in a 5-liter flask fitted with a mechanical stirrer,

addition funnel, and thermometer, This mixture was cooled to 5°, and
: 500 ml of methanol saturated with 857 KOH was added dropwise over a
é 1.5-hr period while the temperature was kept at 5 to 10°. The color
of the reaction mixture turned from white to blue-grey to reddish brown
as the base was added. When the adu‘tion of base was ccmpleted,
3000 ml of water was added, causing precipitated KC1l to dissolve and
an organic product to precipitate., After 1 hr, the product was
f ~ollected by filtration, washed with water, and dried under vacuum §
over P;04; wt, 20.4 g. Recrystallization from a hexane-chloroform
nixture sfver charcoal treatment gave 15.05 g of a yellow crystalline
solid that was identified as 3-amino-2,6-dinitrotoiuene by its nmr :

spectrum; yieid, 28%.

3.7.3 Preparation of 3-Amino-2,4-Dinitrctoluene (XXI1I)

et ckn ik Cosm am - e DT e amd ~E da o renid

CHg CHy
NO
H;S04 - O NOz _ Ny - O z
HKO,, T k
e NO, o "
Op NOo :
XXI CXAY: |
|
1
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2,3,4-Trinitrotoluene (XXI)

Sulfuric acid (96%, 3000 ml) was cooled to 10°, and 1100 ml
of 90X nitric acid was added over a 30-min period while the temperature
was allowed to rise to 50°. The mixrure was heated to 80°, and 383 g
(2.1 ml) of 2,3-dinitrotoluene was added in small portions at such a
rate that the temperature remained at 80 to 83° without external heating
or cooling. After the addition was complete, the mixture was heated to
95° for en additional hour. The mixture was cooled and poured into
9 liters of ice/water. The precipitated product was removed by filtra-
tion, dried, recrystallized from 1800 ml of methanol, and recrystallized
from 1200 ml of wmethanol; 177 g, 37% yield.

3-Amino-2,4~Dinitrotoluene (XXII)

Aqueous ammonia (70 ml) was added to a solution of 25 g
(0.11 mmol) of 2,3,4-trinitrotoluene in 250 ml of absolute ethanol
at 65°; the addition rate was regulated so as to maintain the 65°
reaction tempcrature without exter al heating or cooling. After the
exotherm had ceased, the reaction was refluxed slowly for 1 hr and then
cooled to 5°. The rroduct wee removed by filtration; 17.2 g, 79% yileld.

3.7.4 Preparation of 2,5-Dinitrotoluene (XXIII)

CHS CHS

HOAc
NO
M2 n.so, 2
______9
H202
0N - 2 O-N
534
XXTIT

Into a 12-liter three-neck flask fitted with a thermometer,
mechanical stirrer, and drying tube were placed 3600 ml of glemcial
acetic acid, 100 ml of conc. H;ySG,, and 500 ml of 307 H,0,. Tue flask
was hested to 68°, and 200 g ¢f 2-aminr-S-nitrotoiuenz in «JOC ml of
hct glacial acetic acid was added in portions so that the temperaturs
remained between 70 and 75° (a water bath wis needed at times). After
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the addition (90 min), 500 ml of 30X H;0. was added, and the red-brown
liquid was stirred for 2 hr at 70 to 75°. The mixturz was next poured
into 40 liters of water and stirred for 1 hr. The golid was filtered
and wasued by stirring with 40 liters of water for 30 min. Crude
product was dried ~~ ~f{oYt urnder vacuum; 192 g, 80X yield. The nmr
spectrum showed a~ . ...i:y of 10 to 12%. The recrystallization from
dichloromethane ‘hexaue gave 128.6 g of 100% pure product by gc analysis;
yield, 53.7%.

3.7.5 Preparation of 4-Amino-3,5-Dinitrotoluene (IV) and
3,5-Dinitrotoluene (II1)

CHg CHgy
Ac0 HNOg HC1
O @ o ‘@02—61;)0 O NO

i, NHAc c NHp

NHA
XXIV H.SO
= 2504
65% NaNO,

CH,

ozn@xoz

poid

3,5-Dinitro-N-Acetyl-p-Toluidine {XXIV)

In a three-neck flask equipped with a wechanical stirrer
and thermometer was placad 2.45 licera of 90X HNO,; thir was cooled to
10° in an ice bath, and 198 g of N-acetyl p-toluidine was 2dded over
50 min». With the temperature kept below 15°, the reactor was etirred
for 25 nin at about 15°. The sclution was quenched into 2 x 4 liter
Erlenmuyer flasks containing crushed ice and was stirred for 1 hr. The
g0lid was filtered end washed by stirring with water in 3 x & liter
Erleumayer flssks for 20 min. The moiat, slightly greenish-yellow
product was collected and dried overnight.
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4-Amino-3,5-Dinitrotoluene (IV)

The product obtained from the preceding process was hydro-
lized by treatment with 1.2 liters of 50% HySO, at 90° for 30 min. The
reaction mixture was cooled and filtered, and the product was washed
thoroughly with water and dried under vacuum; 161.6 gy 61.7% yield.

3,5-Dinitrotcluene (TII)

4-Amino-3,5~-dinitrotoluene (160 g) was mechanically stirred
with 3.4 liters of abs. ethanol and 900 ml of conc. K2SO, in a 1Z-liter 1
three-neck flask; 544 g of NaNO, was added in portions (3 hr). Wwhen
about 120 g of NaNO; had been added, the flask was heated to 70°. The
reaction occurred vigorously, causing a stroung evolution of gases, and
the temperature rose to 78°. The flask was cooled to 60° in a water
bath. During this time, a yellow solid appeared. The rest of the
NakO. was added to maintain the temperature at between 60 and 70°. The
dense reaction mixture was then poured into 12 liters of water, stirred
for 15 min, and filtered. The solid was washed with 8 liters of water,
filtered, and dried for 56 hr under vacuum; wt, 129.7 g. Recrystalli-
sation from petroleum ether (60 to 110°) gave 96.8 g of 3,5-dinitro-
toluene; yield, 65.6%.

3.7.6 Preparation of 1,5-Dimethyl-2,4-Dinitrobenzene (XXV)

CHS ma
0N
_m‘_oi__)
cuy, CHy
NOp i
XXV

m-Xylene (100 g) was added slowly (over 15 min) to 280 ml of 90X
HNO,, with the temperature kept below 0°. The mixture was allowed to
warm to room temperature. The heat of reaction allowed the reaction
temperature to reach 90°, wvhere it remained for about 1 hr; then heat
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vas applied to keep the flask at 95° for 5 hr. The orange-red liaquid
was poured into 3 liters of ice/water, stirred 30 ain, and filtered.
This product was weshed with water, 30 g NgHC0,/500 m1 H,0, and again
vith vater and dried overnight under vacuum; wt, 179.7 g. The gas
chromatogram showed that the constituents of the product were 30X
1,3-dimethyl-2,4-dinitrobenzene and 70X 1,5-dimethyl-2,4-dirnitrobenzene
(colum, 10 feet x 1/8 inch; 25% DOW 550 om 100/120 mesh Chromasorb).
The recrystallization from 957 ethanol ... e ... 3 of greenish crystals
" 98.5 to 997 1,5-dimethyl-2,4-di\ ‘trobens. i uwp, 91-93°; yield, 48%.

3.7.7 Preparation of 2-Amino-5,6-Dinitrotoluene (XXIX) and
2-Amino-3,6-Dinitrotoluene (XXX

CHy CH, CHy
o w0, [N | WHAC 450 0% O MAc
O BoAc | 280, o O +
N0,
s )
V1 XXvVil XXVI11
43 N p-1429%
l'n.eo.
o, Clly o} cB
O MiAe O ", o.l‘ * WlAc 0 * R
. € Ether .
.’”. 0 ol.’ 0 [\
%0, (Ppt) * (Scluble) ’ *
R, x1X
ol. .'
»
xx

2-Mathyl-3-Nitroacetanilide (XXVI

2-Amino-6-nitrotoluene /(50 g, 0.329 mol) was suspeuded ia
400 ml of glacial acetic acid; the mixture was cooled to 5°, and 60 ml
of acatic anhydride containing 0.5 g of 96X sulfuric acid was added in
drops over 10 min. The temperature was vaiced to 85° over s 20-min
period, during wvhich time the desired product separsted as a lighi-tan
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solid. After 10 min, the mixture was cooled to 40° and poured into

1 liter of crushed ice. The light-tan precipitate, 2-methyl-3-nitro-
acetgnilide, was filtered, washed with water, and dried under vacuum;
61.0 g; 9€X yield.

2-Methyl-3,6-Dinitroacetanilide (XXVII) and
2-Methyl-3,4-Dinitroacetanilide (XXVIII)

A nitrating solution was prepared by slowly adding 260 ml of
96X sulfuric acid to 152 ml of 90X nitric acid, keeping the temperature
of the mixture below 25°. A 420-ml sample of this solution was cooled
to 5°, and 60 g of 2-methyl-3-nitroacetanilide was added in small por-
tions over 20 min while the temperature was maintained at 47°. After
addition, the temperature was allowed to rise to 15°, at which point the
reaction was juenched on 1500 ml of crushed ice. The cream-colored pro-
duct was filtered, washed thoroughly with water, and dried under vacuum;
70.0 g; 95% yield. This product was a mixture of 2-methyl-3,6-dinitro-
acetanilide and -methyl-3,4-dinitroacetanilide.

2-Amino-5,6-Dinitrotoluene (XXIX)

To a 69.(~g sample of a mixture of 2-methyl-3,6-dinitro-
acetanilide and 2-mathyl-3,4-dinitroaceranilide was added 450 ml of 50%
sulfuric acid. This stirred mixture was heatead in a steam bath for 10
min to hydrolyze 2-methyl-3,4~dinitroacetanilide. The mixture was cooled
to 40° and filtered, and the yellow product was dried under vacuum.
This nroduct was treated with 250 ml of ether to separate 2-saino-5,6-
dinitrotoluene, which is goluble from 2-methyl-3,6-~dinitroacetanilide.
The filrrate was evaporated to dryneis, leaving 2-amino-5,6-dinitro-
toluene that was sbout 90% pure. Recrystuillization from absolute ethanol
yielded 15.4 g of pure product, which was identified by izs mar spectrum;
352 yield.

2-Amino-3,6-Dinitrotoluena (IXX)

The 2-methyl-3,6-dinitroacetanilida obtained from the pre-
ceding steps uas planed in 300 wml of S0X sulfuric acid, and the

stirred mixturc was heated at 80 to 90° fur 3 hr. The mixture was
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cocled and filtered, and the ysllow product was dried under vacuum.
Racrystallization from sbsolute asthanol gave 17.2 g of 2-amino-3,6-
dinitrotolusne, wvhich was identified by its nmr spectrum; 31X yield.

3.7.8 Preparation of 5-Aming-2,4-Dinitrotolusne (IX)

2.4,5~-Trinitrotoluene (XXXI)

A mixture of 355 g of 3,4-dinitratoluene, 3060 ml »f 96%
H3SO0,, and 1150 ml of 907 HNO, was stirred and heated to 80 to %0° for
40 min. The mixture was poured into crushed ice and stirred for 20

min. The solid waez filtered and washed by stirring with 30 liters of
water duringy 1 hr. The crude product was dried under vacuum. The nmr 5
spectrum showed about 25% impurity. After two crystallizations from
2 x5 liters of abs. ethanol, 290 g of pure product with a consistent
nmr gpectrum was obtained; mp, 103 to 105°; 65.5% yleld.

S-Amino-2,4-Dinitrotoluene (iX)

A mixture of 350 g of 2,4,5-trinitrotoluene and 3.5 litsra
of abs. ethanol was stirred at 6C° until the solid was completely
dissolved. The 1liquid was cooled to 15° in a dry ice/ecetone bath,
aud 933 ml of 282 NH,OH (d = 0.9) was addel in portions (iG0 wmin) with !
stirring and at a temparature maintainad at about 15°. The sclution '

turned green and then dark blue aftar seversl portions of NH,OH were
introducad.
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After the addition, the solution was refluxed for 1 hr and
allowed to stand overnight. During that time, a brownish-black coarse
801id was formed and deposited firmly onto the flask. The solid was
filtered off and dried under vacuum to give a weight of 123 g.

The proton spectrum enabled us to identify it as the
desired product, with 98.5 to 99% purity as shown by sc. The filtrate
was condensed by distilling the solvent under the pressure of a water
aspirator to 3 liters; this was left to stand over the weekend. An
additional dark-yeilow solid was collected (232), and its nmar spectrum
was identical to that of the first product.® Gc showed 88X puricy;
total crude product, 146 g; 48Y yield. The purification b; sdding
hexane to a hot solution of product in chloroform after the cooling
gave a bright-yellow, fine powder that had a purity of 100X by gc

analysis.

3.7.9 Alternstive Method of Preparing S-Amino-2,4-Dinitrotoluste

A mixture cf 5.0 g of 2,4-dinitrotoluens {27.4 =mol) end $.0 g
of hydroxylamine hydrcchloride (72.0 wmol) in 100 mi of abe. ethamol
was coolad to 5°, and 50 ml of a solution of 857 KOM ia methswol
(saturated at *5°) wis scded in drops (1 hr). The rasction mixtuve
turned frow white to blusa-grey to red-vrown as the KON solution was
addad. Near the end of the addition, stirring was difficult becsuse
the KCl that precipitated had foruwed hard lumps. VWhen the additiom of
the KOH vas complete. the mixture was stirred at 10° focr 30 wmin and
1500 m]l of water vas addad, causing the KC1 to dissolive and sn orgauic
product to precipitate. This product was collected by filtration,
washed with water, and dried under vacuum over P,04: wt, 3.77 g.

“The filtrats of thy second crop was unintentionaily left uncovared for
several days. The solvent evsporasted, leaving custse yellow-browm
nsedles that causcd laboratery persooanel to cough and snaesre. The com-
pound vas latar purified ky dissolution in water and extraction with
chloroform end vas i{dentified ss ommonive-3-methyl-2-’-dinitrophenolate
by gc, mmr, apnd selting point wmethods.
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An omr spectrus rchowed that this produc: wi 8y soximetely 752
5-amino-2,4-dinitrotoleane and 257 ? 4-dinftrotoleew.. Por purifice-
tinn, the cample vas treated with 30 &l of a mixtw e of 95X petrolemm
ethar (60 to 110° and 5T tolueme (hot’ im which 2,4-dimitrotolusas wes
soluble. The insoluble msterial, 2.90 g, wes nwalyntd b gc and found
to be B4 p-umiszo-2.4-dinizvrotoluenn. Purther swv~&,:nﬁﬂan through
recrystallization yielded a product that ww WN%\' g ‘¢ analysis;
402 yleld.

3.7.10 Preperation of 1, 3, 3-Trinitrobenzens (XV)

NO:
"2 laOﬂ
'lrc"zov O.N NO_
‘ Yo
2.\
‘ 2,4,6-Trinitrobenzoic Acid (XXXII)

To 1500 cc of conc. sulfuric acid in a 5-liter flask was
added 270 ¢ (1.19 mol) of 2,4,6-trinitrotoluene during mechanical
stirring. Sodium dichromate was then added in portions with continued
stirring until the temperature reached 40°. A cold water bath was used
to hold the temperature between /40 and 50° while sodium dichromate
addition continued over a 2-hr period. A total of 406 g (1.36 mol)
of sodium dichromate was added. When ail the dichromate had been
added, the mixtuce was stirred for 2 hr at 45 to 50° and then allowed
to stand overnight. The mixture was carefully poured onto cracked ice,
and the crude trinitrobenzoic acid was filtered through sintered glass
and washed with cold water. After drying under vacuum, the pruduct
weighed 158 g (52% of the theoretical amount),

49




T g T TR

A P—— =

1,3,5-Trinitrobensene (XV)

The crude trinitrobenzoic acid previously obtained was
mixed with 1600 cc of water at 35° in a 5-liter flask. A 15% solution
of sodium hydroxide was then added in portions with mechanical stirring,
the temperature being h:ld between 35 and 40°, until a yellow-red color
appeared and trinitrobenzene floated on the surface. The solution
wvas made just yellow with glacial acetic acid. The mixture was fil-
tered, and the filtrate was transferred to a 5-liter flask; 50 cc of
glacial acetic acid was added, and the solution was heated gently with
mechanical stirring for 3.5 hr. The mixture was allowed to stand for
48 hr and then was filtered to yield 62.8 g (25% of the theoretical
amount from trinitrotoluene) of pure 1,3,5~trinitrobenzene.

3.7.11 Preparation of 2,3,6-Trinitrotoluene (XXXVI)

NH, NHAc NHAc NHAc
CH' CH, CH: O’N c“’
@[ﬂ HOAc HNOs .
0: ACjo 0’ HISOQ "0' 'o.
NOs
XXXIII XXXIv
w/ H.SO.
“0. m’ '..
C!!. Cﬂ. 0.' Cl.
e OF "0
NO, L
N W0, Xy
b ]
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2-Methyl-3-Nitroacetanilide (XXXIII)

2-Methyl-3-nitroaniline (200 g, Aldrich) was suspended in
1600 ml of glacial acetic acid. The mixture was cooled to 5°, and
240 ml of acetic anhydride containing 0.5 g of 96% sulfuric acid was
added in drops over 15 min, The temperature was rs’ ed to 85° over
25 min, during which %ime the desired product separated ac a light-
brown solid. After the reaction temperature had been held at 85° for

10 min, the mixture was cooled to 40° and poured into 4 liters of
crushed ice, The light-brown precipitate was filtered, washed with
wvater, and dried under vacuum; 92.52 yield.

2~Methyl-3,5-Dinitroacctanilide and
2-Methyl-3 :-Dinitroacetanilide (XXXIV)

A mixed a2..d solution was prepared by slowly adding 1034 ml
of 962 sulfuric acid to 646 ml of 90% nicric acid, keeping the tempera-
ture of the mix: u ‘¢ below 25°. A 1680-ml sample of mixed acid was
cooled to 5°, and 240 g of 2-methyl-3-nitroacetanilide was added in
small portioni: (4% win) while the temperature was maintained at 4 to

7°. After ldc:::'-_g' loa, tha temperature was allowed to rise vo 15°, at
vhich point tl'n? -xj'&mction was uenched on 6 liters of crushed ice. The
cream-colored pracipitate wms filtered, washed thoroughly with water,
and dried & _.;’1,.@'?".-.1; YPTL gy 97% yleld.

b

A

1,3-Dinitro-6--Aminotoluene and
3,6-Dinitro-2-Aminotoluene (XXXV)

To a 206—-grum sample of the mixad dinitroacetanilides
(0.87 mol) was added 1340 ml of 50X sulfuric acid with stirring. The
aixnture vas hested on & steam bath at 80 to 90° for 2 hr, during
which time a yellow-srangs so0lid formed. The hot mixture was quenched
on 8 liters of crushed ice and allowed to stand overnight. The solid
wos filtered, washed thoroughly with water to remove all traces of
acid, and vecum dried over sulfuric acid; 159.6 g; 93X yleld.
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2,3,6-Trinitrotoluene (XXXVI)

Trifluoroacetic anhydride (570 ml) was zdded cuickly
(5 min) to 835 ml of CHCl,, with the temperature held at about 5°.
A 90-ml sample of 907 hydrcgen peroxide was added in drops (2 hr),

with the temperature maintained between 0 and 5°. To tais milky white
mixture was added the above aminodinitrotoluenes (159.6 g) in swmil

' portions (30 min) at O to 5°. The reaction temperature was allowed tc
rise slowly to 54° (4C min), the dropping funuel was replaced by a
condenser, and the mixture was refluxed for 2 bhr. The reactlon was
cooled te ambient temperature, and solvents were remeved on a rotary
evapo-ator until a yellow precipitate appearcd. Methylene chloride
was added to dissolve the precipitate, and che resuiting solution was
vashed with four 250-ml portions of 5% NaK{(Cs and two 25U-ml portions
of water. The methylene chloride asolution was dried (MgS0O,), the svi-

vent was removed under vacuum, and ths yellow cryatailine product was
driad under vacuum. The product {180.7 g represented a yield of 917%;
mp 105 to 112°; purity, 99% by gec ~nalysis. Recrystallizatiou from

. 1250 ml of methanol gave 124.3 ¢ of pure 2,3,6-trinjtrotoluene;

| mp, 111.5 to 112.5°.

f 3.7.12 Preparation of 3-Amino-u¢-Nitrotoluene (XNXVII)

; /CLHS H!
; O] =
E NO, NH:
NO, N0,
XXXVII

f
] A 115-g sample of 3,4~dinicrotoluane, 284 ml of ammonivm ]

hydroxide solution (23% NH,), and 1750 ml of methanol were heated in an y

autoclave for 6 hr st 150°, After the methanol was evaporuted under
vacuw the yellow-brown 1esidue wag crystallized twice {rom methaaol

to vield 58,4 g of pure 3-amino-4-nitrotoluene; yileld, 6127,
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4 ANALYTICAL CHEMISTRY EVALUATICNS OF MUNITIONS
COMTOUNDS USED IN TOXICOLOGICAI, EVALUATIONS

The compounds used in aguatic and mammalian toxicclogical studies
were avaluated for their identity and purity. For identification,
infravad {ir), nuclear magnetic resonance (proton nmr), ultraviolet
spectroscopy {uv), and mass syectral. data wecre obtained. For purity,
each compound wvas evaiuated for its elemental composition and chromato-

graephic houogeneity using ge and hple. The results for each compcund

and the srectral and chromurzographic :data are presented in the fclinwing
sections. Uv spectra were taken on a Perkin-Elmer Model 200 uv spectro-

pLotoueter; Ir svect s weve ohtained from a Perkin-Elver 137 infrared 1
spectrophotcmeter; nmr spectra were obtained on Varian A-60A nr Varian o]
5M~90 nuclasr magnetic resonance spectrometers; and mags spectra were a

cbtsined or a LK3 9000 mase spectrometer.

4,1 Toluene CH,

ﬁéthyl tenz=ane
&

f108-88-3)

Source: Mallinckrodt
Tot RPB
Catalog No. 8608

Idoutity

IR--The ir spectrum was consistent with the proposed struc-

RPN PN o

£
f
§

ture as weli as with Sadtler Reference Nn. 419 for toiuepe. The fol-
lowing bends were sbserved: (r.eat) 3.35 (=C-H, aromatic), 3.5 (C-H,
methyl), 5-% (aromatic overtones, mono-3ubstitiuied benzene), 6.2, 6.85
(c-c, ving), 9.7, 13.7 (-1), 7.3, 8.5, 9.25, 1i.] um.
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Nmr--The nmr spectrum was consistent with the piroposed strue-
ture. The following chemical shifts were observed, and the number of

protons each signal represents was determined from signal integrals:
§ 2.32 (singlet, CHs); 6 7.17 (singlet, Ha)'

6520

256.

)
i

0.397, €
0.016, €

203.0 nm, A
253.6 nnm, A

uv (Methancl)--XA
ma

A
max

X

[l
"
i

Purity (>95%)

Elemental Analysis--

Anal. for C7H8: Calced: C, 91.25; H, 8.75
Found: C, 91.30; U4, 3.64%.

High-Pressure Liquid Chromatography-- One peal: was obsetrved

representing 100% of *otal peak area. The foliowing hplc conditiorns
were used:
e Column: 4 mm ID x 30 cm ¢ Bendavak CLS {Waters Asuwc.)
® Solvent: 507 HZO/SOZ CH30H
e Flow Rate: (.C¢ wl/ain

e Detection: uv at 254 tmm

2 Average retention %t.me. 773 sec toluene 100%.

Gas Chromatography--One major compunent ’representing 95.47%

of total peak areas) and at least six minor componenis w&iv observed

by gc under the following conditions:

i

@ Column: 5' x 4 mm glass column packed with 10% DC-200 on
Chromasorh W-i.? 80/100Q.

Tempzrature: 110 to 220°C at 4°/min.

L

.
e Flow rate: 39 mi/min N?.

e Detection: Flame lonizetion,. ?
® Reteniicon time: 66 s>c toluene 89.47. i

R ki |
.
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§.2 2-Hitrotoluese
1-Mathyl-2-nitrobenszane CH,
{38-72-2) ",

Source: Eactusn Organic Chemicals
Bo lot listed
Catalog No. 193

Ident ity
Ir-~The {r spectrum was ronsistent with the proposed structure
as well as vith Sadtler Referonce Mo, 692 for l-nitrotoluene. The
following bands were observed: (neat) 3.3} {(~»C-B, avomatic), 3.4 (C-H,
methyl), 5-6 (aromatic overtones, ortho-banzenoid subztitution), 6.2,
6.8 (C=C, ring), 6.5 7.4 (W=}, 9.5, 9.6 (C-4)}, 1.6 (C-N, aromari: H02>,
8.3, 8.6, 3.7, 9.2, 10.4, 12.2, 14.5 wa.

Mmr--The nmr spectrum was consistent with the proposed struc-
ture. The following chemical shifts were cbserved, and the nimber of

igna! Tvepre=ents was determined from signal integrals:

PTolcns vax

-

€oCl 1:  * 2.60 (singlet, W) CH‘; £ 7.40 (wultiplet, 3B Ha;

)
P93 (wultiplet, M) W, 3 = Bcps). 3 = 7.5, ., = 3).

uv. {!g&hpggl)-—‘.a‘ = 207.2 nm, A = 0.590, € = 1V,900

. e 257.0 nm, A = 0.295, £ = 5440.
nax

Purity (99.5% ¢ 0.5)

Elemental Analysis--

Anal. for CTR7N02: Caled: C, 61.3; H, 5.1; N, 10.2
Found: C, 61.02; 4, 4.98; N, 10.24,
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High-Pressure Liquid Chromatography--One peak representing

1002 of total peak areas was observed by hplc. The fcllowing hple con-

diticas were used:

Column: & mm II: x 30 cm Y Bondapak C18 (Waters Assoc.)

Solvent: 50% HZO/SOZ CH3OH

€ o o

Flow rate: 1.6 ml/min

Detection: wuv at 254 um

® Average retention tiue: 827 sec 2-nitrotoluene 100%.

. Gas Chromatography--One major compoaent (representing 99.02
of total peak areas) and two minor crmponents were observed bty gc under
| the foilowing conditions:

@ Column: 5' x 4 mm glass column packed with 102 DC-200 on
Chromasorb W-hKP 80/190.
Temperature: 100 to 220°C at 47 /win
Flow rate: 20 ml/n'n N,.

Detection: Flame ionfzatiom.

Retention time: 412 s> 2-mitvotcluene 99.02;: Kk se:
impurdity G.5%; 519 sec impurity 0O.5Y%.
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4.3 ¢-Nitrotoluensz
l-Methyl-4-nitrobenzene CHs
[99-99-0]

Source: theson Company NO,
Lot No. 303117
Catalog ilo. 2799

Identity

Ir--The ir spectrum was consistent with the proposed structure
as well as with Sadtler Reference No. 4693 for p-nitrotoluene. The
following bands were observed: (thin film in CHC13) 3.4 (=C-H, aromatic),
5.5 (C-H, methyl), 5-6 (aromatic overtones, para-benzencid substitution),
6.2, 6.8 (C=C, ring), 6.5, 7.4 (N=0), 9.6, 9.8 (C-H), 11.6 (C=N, aromatic
NOZ)’ 4.1, 8.3, 8.5, 9.05, 10.5, 14.7 um.

Nmr--The nmr spectrum was consistent with the proposed struc-
ture. The following chemical shifts were observed, and the number of
protons each slignal represents was determined from signal integrals:
(CDC13); 8§ 2,43 (singlet. CH3): § 7.29 (doublet, Ha’ J

6§ 8.06 (doublet, Hb, Ja~b = 8 cps).

ab ~ 8 cps);

uv (Methanol)f-kmax = 260.0 nm, A = 1.392, € = 8490
A = 215.6 nm, a = 1.255, € = 7650
max
A = 273.2 nam, A = 1.551, & = 9460.
max

Purity (1007

Elemental Analysis--

Anal. for C7H7N02: Caled: C, 61,3; H, 5.1; N, 10.2
Found: C, 60.97; H, 5.06; N, 10.24.
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High-Pressure Liquid Chromatography--Ons peak (reprasenting

100% of total peak areas) was cobtained by hplc. The following hplc con-
ditions were used:

Colurn: 4 mm ID x 30 cm )1 Bondapak 018 (Waters Assoc.)
Solvent: 50% HZO/SOZ CH,OH

Flow rate: 1.6 ml/min

Detection: wuv at 2%4 om

Retention time: 860 sec 4-nitrotoluene 10NV

Gas Chromatography-- One peak (representing 100Z of total peak
areas) was vbserved by gc under the following conditions:

Column: 5' x 4 mm glass column packed with 10% DC-200 on
Chromasorb W-HP 80/100.

Temperature: 100 to 220°C at 4°/min.
Flow rate: 20 ml/min Nz.
Detection: Flame ionization.

Retention time: 33 sec 4-nitrotoluene 100%.
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Sowrce: Aldvich Ohamics! Comnpeny .

Lot Be. C114M
Cataleg . 16,074-1

Idext ity

Iz--The ir spectrum was consistent with the proposed structure.
The folliwing bamds were pbserved: (KBr pellet) 3.0 broad (inter.olecular
Lvdrogen-bonded ~A), 3.4% (C-H), 6.3, 6.2 (C=C, ring), 6.6, 7.5 (N=0O),
LA QO-N, Lo (L), 9.4, 9.7 (C-H), 11.7 (C-N, aromatic NOZ), 10.4,
12,7, 13.1% .=,

Nmr--The nmr spectrum was consistent with the proposed struc-
ture., The following chemical shifts w.re observed, and the number of

protons each signal represents was determined from signal integral:

(CDCI}): £ 6.84 (doublet of multiplet, 1H, Ja-h = ] cps) Ha
7.00 (doublet of multiplet, 1H, Jc—b = 7 cps) Hc
5 7.31 (doublet, O.5H, Jb-a = 7 cps) Hb

§ 7.45 (doublet, 0.5H, Jb-c = 7 ¢ps) Hb.

uv (Methanollf-Xmax = 213.6nm, A=1.118, € = 9240
A = 271.0nm, A=0.198, € = 1640.
max

[s ]

Purity (98.92 + 1.1)

Elemental Analysis--

Anal. for C7H7N03: Caled: C, 54.9; H, 4.61; N, 9.15
Found: C, 54.60; H, 4.57; N, 9.15.
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High-Pressure Liquid Chromatography--One major component

(representing 97.8% of total integrated peak areas) and two minor com-—

ponents were observed by hplc. The following hplc conditions were used:

Column: 4 mm ID » 30 cm p Bondapak C18 (Wate~s Assoc.)
Solveut: 50% HZO/SOZ CH,OH

Flow rate: 1.6 ul/min

Detestion: wuv at 254 am

Average retenuion time: 307 sec 3--methyl-2-nitrosphencl
97.82; 31 sec impurities 2,2% (two peaks not separated).

Gas Chromatography--One major peak (represeating 100% of tota:l

peak arcas) was observed by gc under the following conditions:

Column: 5’ x 4 mm glass column packed with 0¥ DC-200 on
Chromasorb W-HP 80/100G.

Temperature: 95 ro 2I10°C at 4°/min.
Flow rate: 30 ml/min N,.
Detection: Flame ilonization.

Retention time: 568 sev j-methvl-l-nitrophenol 100X,
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4.5 5-Methyl-2-Nitrophenol OH

{700-38-9] NOa

HeC

Source: Aldrich Chemical Company
Lot No. 122929
Catalog No. 13,779-0

Identity

Ir--The ir spectrum was consistent with the proposed structure,
The following bands were observed: (KBr pellet) 3.0 (intermolecular
"-bonded 0-H), 3.3 (C-H, aromatic), 6.3, 6.8 (C=C, ring), 8.5 (C-0),
11.4, 11.9 (C-N, aromatic NOZ)’ 9.25, 10.5, 12.2, 13.25, 13.65 um.

Nmr--The nmr spectrum was consistent with the proposed struc-
ture. The following chemical shifts were observed, and the number of

protons each signal represents was determined from signal integrals:
§ 2.40 (singlet, 3H) CH3; 8 6.77 (doublet, H, J =9 cps) H,

§ 6.93 (singlet, H) Hb; § 7.97 (doublet, 0.1H, J = 9 cps) H,
8§ 10.57 (singlet, H) OH.

214,5nm, A=1.287, € = 13000
286.0nm,. A=0.747, € = 7560
348.0nm, A=0.390, € = 3950.

uv (Methancl)-~A
max

max

max

Purity (99.65% + 0.35)

Elemental Analysig--

Anal. for C7H7NO3: Caled: C, 54.9; H, 4.61; N, 9.15
Found: C, 54.99 H, 4.59; N, 9.06.
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High-Pressure Liqufﬁ Chromatography--One major component

(representing 99.3% of total peak areas) and one minor component were

observed b

y

hplc. The following hple conditions were used:

Column: &4 mm ID » 30 cm p Boundapak C18 (Waters Assoc.)
Solvent: 50% HZO/SOZ CH,OH

Flow rate: 1.6 ml/min

Detection: uv At 254 nm

Average retention time: 503 s2c 5-methyl-2-nitrophenol
99.3%; 143 sec impurity 0.7%.

Gas Chromatography--One major peak (representing 100% of total

peak areas) was observed by gc under the following conditions:

B S VAV SOOI SN st e iekab - x 4. atn et andd o, o o ke do

\

Column: 5' x 4 mm glass column packed with 10% DC-200
on Chromasorb W-HV 80/100.

Temperature: 95 %o 220°C at 4°/miu

Flow rate: 30 mi-/min“N2

Detection: Flame ionization

Petention time: 657 sec 5-methyl-2-nitrophenol 100%.
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4.6 1,3-Dinitrobenzene
* [99-65-01]
NOg

Oa

Source: Eastman Organic Chemicals
Lot No. 601-344
Catalog number no longer available

Identity

Ir--The ir spectrum was consistent with the proposed structure
as well as with Sadtler Reference No. 81 for m-dinitrobenzens (KBr wafer).
The following bands were observed:

(1) (KBr pellet) 3.25 (C-H, aromatic), 6.2, 6.8 (C=C, r'ng),

6.5, 7.4 (N=0) 9.35 (C-H), 11.9 (C-N, aromatic NO,},
10.9, 12.2, 13.7, 14.0 um.

(2) (Thin film in CHCl4), 3.5 (C-H, of CHCl:), 5-6 (arematic
- overtones--possibly not all meta-benzenoid substitution)
um.

Nmr--The nmr spectrum was consistent with the proposed struc-
ture. The following chemical shifts were observed, and the number of

protons each signal represents was determined from signal integrels:

8§ 7.85 (triplet, 1H, J = 8 cps) “a
8 8.55 {doublet of doublets, 2H, J = 8 cps, J ~ 2 cps) Hb
6 9.05 (doublet of doublets 1 4, J = 2 cps, J = 2 cps) R_.

uv (methanol--A = 233,8um, A= 1.354, € = 17700.
———=—= "max

Purity (100%)

Elemental Analysis--

Anal. for C6H4N204: Caled: C, 42.9; H, 2.4; N, 16.7

Found: C, 42.65; H, 2.43; K, 16.43,
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! High-Pressure Liquid Chromatography~-One peak representing
100% of the total peak area was cbserved by hplc. The following hplc 3

conditions were used:

e Column: 4 mm ID x 30 cm pu Bondapak C18 {Watcrs Assoc.)
Solvent: 50% H20/50% CHBOH
Flow rate: 1.6 ml/ain

Detection: uv at 254 nm

Average retentioun time: 382 sec 1,3-dinitrobenzene 100%.

Gas_Chromatography--One peak (representing 1C0% of the total

peak areas) was observed by gc under the following conditions: ? ;

N IR

¢ Column: 5' x 4 mm glass column packed with 107% DC-200 on
hromasorb W-HP 8/100.

e Temperature: 160 to 220°C at 4°/min.
o Flow rate: 20 ml/min N_,

2
e Detection: Flame {onization,

ERTaTI e
U

Retention time: 607 sec 1l,3-dinitrobenzene 1007%.
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FIGURE 39 UV SPECTRUM OF 1,3-DINITROBENZENE
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4.7 2,6-Dinitrotoluene
2-Mathyl~1,3~dinitrobengzene
{606-20-2]

0aN

Source: Aldrich Cheuical Compary
Lot No. 031947
Catzlog No. D20,060-3

Identity

Iv—-The ir gpectruu was consistent with the propcacd structure
as well as with Sadtler Reference No. 17378 for 2,6-dinitrotolucne (K3r
waler), The following bands were observed:

(1) (KBr pellet) 3,3, (=C-H, aromatic), 6.2, 6.9 (C~C, ving),

5.5, 7.4 {t=5), 11.85 (C-N, aromatic NOo), 13.7 (C-K),
£.3, 9.7, 10,1, 11.15, 12.15, 14.1 um.

(Z) (Thia film in CHCIJ) S-6 (aromati~ overtones) um.

Nmr~-The nnr spectrum was consistent with the proposed struc-
ture. The follewing chemical shifts were observed, and the number of

protons each signsal represents was detarmined tfrom signal integrals:

6 2.60 (singlet, 3H) CH3; § 7.57 (triplet, A, J = 3 cpa) Hb;
5 8.03 {dcublet, 2H, J = 9 cps) Ha.

pg_ggggpanoll--lmax = 207.4 v, A= J.77C, £ = 13500

Xm&x = 232, 0nm, A= 0,591, € = 10400,

Purity (49.52 £ 0 S}

Ilemental Analysis-—

Anal. for C7H6N204: Caled: C, 46.2; H, 3.3; N, i5.4
Found: C, 46.00; H, 3.30; N, 15.46.
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High-Pressure Liquid Chromatography--One peak (representing
100X of the total peak areas) was obeerved by hplc. The following hplc

conditions were used:

Column: 4 mm ID x 30 cm u Bondapak C18 (Waters Assoc.)
Solvent: 50% HZO/SOX CH.OH

Flow Rate: 1.6 ml/uin

Detection: wuv at 254 nm

3

Average retention time: 506 sec 2,6-dinitrotoluene 100X,

Gas Chromatography--One major component (repi.senting 992 of

the total integrated peak areas) and one minor component were observed by

gc under the following conditions:

Column: 5' x 4 mm glass coluwn packed with 102 DC-200 on
Chromasord W-HP 80/100.

Temperature: 100 to 200°C at 4° .in.
Flow rate: 20 ml/min N,.

2

Detection: Flame ionization.

Retention time:
impurity 1.0%.

649 sec 2,6-dinitrotoluene 99.0X; 773 sec

102
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FICURE 45 UV SPECTAUM OF 2,6-DINITROTOLUKNK
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4,8 2,5-Dinitrotoluene 1
2-Methyl-1,4~dinitrobenzene I
| N [619-15-8) on, ]
. /@ NO, }
4
L
Source: Synthesis, SRI 2 1
| i
| | o HOAc e .
i N2 Hp50, NO= §
Hz0; :
| O-N 2 ON
| 53%
Identity
‘ Ir--The ir spectrum was consistent with the proposed structuve. }
The following bands were nbserved: {

(1) (K8r pellet) 3.3 (=C-H, aromatic}, 3.5 (C-H, wethyl), 6.5,
7.4 (N=C), 6.8 (C=C, ring) 9.68, 13.7 (C-H), 11.,, 11.9
(C-N stretch, aromstic NO2), 7.1, 8.7, 9.0, 10.7, 11.1,
12.48 um,

(2) (Thin film in CiliCl3) 5-6 {(aromatic overtones) um.

T Siekiart L

Nmr--The nmr spectrum was corsistent with the proposed struc-
ture. The following chemical shifts were otserved, and the number of

protons each signal represents was determined from signal integrals:

SR A bt LA St M

§ 2.70 (singlet, 3H) CH

X § 8.22 (multiplet, 3H) H.

uv (Met.hanol)—--)\max = 207.0 na, 1,405, € = 16,000

}'mzax = 258.2 um, A= 0,972, € = 11,500

A___ = 300.0nm, A= 0,205, ¢ = 2420,
max
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Purity (99.99% + 0.1)

Elemental Analysis-—-

Anal, for C_H N O,: Caled: C, 46.2; H, 3.3; N, 15.4

7624
Found: C, 46.16; K, 3.41; N, 15.45.

High-Pressure Liquld Chromatography--One peak representing 100%
of the total peak areas was observed by hplc. The following hple condi-

tions were used:

Colurn: 4 mm ID X 30 cm u Bondapak 018 (Wa' 2rs Assoc.)
Solvent: 50% HZO/SOZ CH30H

Flow rate: 1.6 ml/min

Detection: uv at 254

Average retention time: 521 sec 2,5-dinitrotoluene 100%.

Gas Chromatography--One major component (representing 99.98%

of the total peak areas) and one minor component were observed by gc

under the following conditions:

Column: 53' x 4 mm glase column packed with 10% DC-200 on
Chromasorb W-HP 80/100.

Temperature: 100 to 220°C at 4°/min.
Flow rate: 20 ml/min NZ'
Detection: Flame ionization.

Retentiou time: 718 sec 2,5-dinitrotoluene 99.98%; 664 sec
impurity 0.02%.
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{ FIGURE 51 UV SPECTRUM OF 2,5-DINITROTOLURNE
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FIGURE 52 HPLC CHROMATOGRAM OF 2,5-DINITROTOLUENE
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[ 49 2,5-Dinitrotolusns

§ 1-Methyl-2,4-dinitrobenzene »
[121-14-2) NOa 3
: .
Source: ICN NO. ii
Lot No. 54823 i
Catalog No. 5758 d

Identity

Ir—The ir spectrum was consistent with ihe propesed structure i

as well as with Sadtler Reference #175 for 2,4-dinitrotvluene (KBr peliet).

The following bands were observed:

(1) KBr pellet 3.25 (=C~H, aromatic), 3.5 (C-H, methyl), 6.2,
6.9 (C=C, ring), 6.5, 7.4 (N=0), 9.38, 9.7, 13.6 (C-H),
11.8 (C-N, aromatic NO,), 7.5, 8.3, 8.7, 8.8, 10.2, 10.95,
12.6, 13.G5, 14.15 um,

(2) (Thin film in CHCl3) 5-6 (aromatic overtones—1,2,4-
benzenoid substitution) um.

Nmr--The nmr spectrum was consistent with the propofed struc-
ture. The following chemical shifts were observed, and the number of

protons each signal represents was determined from signal integrals:

{ § 2.78 (singlet, 3R) CH,; § 7.67 (doublet, H, J = 9 cps) H_
§ 8.38 (quartet, H; Jb—a -9, Jb-c = 2.5) Hb
§ 8.73 (doublet, H, J = 2.5) Hc'

; uv (Methanol)»-xmax = 207.0nm, A=0.624, ¢ = 11,100
: xm = 240.0nm, A=0.809, ¢ = 14,300,

_P__u_rir.x

Elewmental Anzlysis—

Anal. for C7H6N205: Calcd: C, 46.2; H, 3.3: N, 15.4
Pound: C, 46.21; H, 3.37; N, 15.43.
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High-Pressure Liquid Chromatography--One major component

(representing 99.5Z of the total peak areas) and one minor component were

observed by hplc. The following hplc conditions were used:

Column: &4 wm ID x 30 cm u Bondapak 018 (Waters Assoc.)

Solvent: 50% H20/501 CH30H

Flow rate: 1.6 ml/min
Detection: wuv at 254 nm

Retention time: 591 sec 2,4-dinitrotoluene 99.5%; 545 sec
impurity 0.5%.

e 6 o o ¢

Gas Chromatography--One major component (representing 98,32
of the total peak areas) and two minor components were observed by gc
under the following conditious:

e Column: 5' x 4 mm glass column packed with 10X DC~200 on
Caromacorb W-HP 80/100.

Temperature: 100 to 220°C at 4°/min.
Flow rate: 20 ml/min N,.
Detection: Flame fonization.

Retention time: 787 sec 2,4-dinitrotoluene 98.3X;: 673 sec
impurity 1.4%; 734 sec impurity 0.3Z.
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4.10 2,3-Dinitrotoluene
1-Methyl-2, 3-dinitrobenzene
[602-01-7]

CH,
NO,

NO,

Source: Synthesis, SRI

CH, Cly
NHp AcoO NHAc _ NHA¢
Co HN 03
884 HOAc NOo
2541 HC1
a
Hz0p CHy
NO 2 HOAc -
Ho80, O
" 464
(0 NOo
Identity

Ir—-The ir spectrum was consistent with the proposed structure.

The following bands were observed:

(1) (KBr pellet) 3.3 (=C-H, aromatic), 3.5 (C-H, methyl), 6.2,

6.9 (C=C, ring), 6.5, 7.45 (N=0), 9.3, 9.55 (C-H), 11.7
(C-N, aromstic N02), 7.3, 8.4, 8,54, 10.8, 12,35, 13.45,
14.2 ym,
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(2) (Thin £1ilm in CHCl.) 5-6 (aromatic overtones—--not pure
1,2,3-benzenoid sugstitution) um.

Nmr--The nmr spectrum was consistent with the proposed struc-
ture. The following chemical shifts were observed, and the number of

protons each signal represents was determined from signal integrals:

8§ 2.45 (singlet, 3H) CH
8 8.03 (quartet, H, J

§ 7.65 (multiplet, 2H) H_ . ,
= 3.5 cps) Hb.

3;

b-a' " 7 cps, J

b-a

uv (Methanol)-—)\mx = 20€.5nm, A= 0,933, € = 16,000
A = 254.0nm, A= 0.262, ¢ = 6220.
max

Purity (100%)

Elemental Analysis--

Anal, for C7H6N2 4 Calcd: C, 46.2; H, 3.3; N, 15.4%
Found: C, 46.13; H, 3.38; N, 15.35.

High-Pressure Liguid Chromatography--One peak representing
100% of the total peak areas was observed by hplc. The following hplc

conditions were used:

Column: 4 mm ID x 30 cm u Bondapak c18 (Waters Assoc.)
Solvent: 50% HZO/SOZ CH30H

Flow rate: 1.6 ml/min

Detection: wuv at 254 nm

Average retention time: 589 sec 2,3-dinitrotoluene 100%.

Gas_Chromatography--One peak (representing 100X of the total

peak areas) was observed by gc under the following conditions:
e Column: 5' x 4 mm glass column packed with 10X DC-200 on
Chromasorb W-HP 80/100.
Temperature: 100 to 200°C at 4°*/min.
Flow rate: 20 ml/min N,.
Detection: Flame ionization.
Retention time: 756 sec 2,3-dinitrotoluene 100%.
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4,11 3 trotoluens
thyl-3, trobensene
[618-85-9) Cl,

OsN NO,

Source: Synthesis, SRI

Identity
Ir—The ir spectrum was consistent with the proposed structure.

The following bands were observed:

(1) (XBr pellet) 3.25 (=C-H, aromatic), 3.5 (C-H, methyl),
6.25, 6.85 (C=C, ring), 6.5, 7.4 (N=0), 9.55, 13.65 (C-H),
8.9, 9.3, 10.5, 10.9, 11.05, 11.1, i2.4, 13.1 ua.

(2) Br pellet) 5-6 (aromatic overtones——possibly 1,3, 5-
benzenoid substitution) um.
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Nmr--The nmr spectrum was consistent with the proposed structure.
The following chemical shifts were observed, and the number of protons

each signal represents was determined from signal integrals:

§ 2.69 (singlet, 3L) CH3; § 8.41 (singlet, 2H) Ha;
5§ 8.81 (singlet, H) Hb'

203.0nm, A=0.605, € = $530
239.41nm, A=1,113, € = 17,500
30C.0nm, A=0.104, e = 1640.

uv (Methanol)--X
—_— max

>
[}
it

>
]
.

Purity (100%)

Elemental Analysis--

Aral. for C7H6N?04: Caled: C, 46.2; H, 3.3; N, 15.4
Found: C, 46.33; H, 3.37; N, 15.25,

4 A e S+

High-Pressure Liquid Chromatography--One peak representing

L AR Y e =

100% of the total peak areas was observed by hple., The following hplc

conditior were used:

e Columm: 4 mm ID x 30 cm u Bondapak C18 (Waters Assoc.)

® Solvent: 507 HZOISOZ CH30H

e Flow rate: 1.6 ml/min i

St bl T e nie L it

e Detection: uv at 254 nm 3
i i
i ® Average retention time: 589 sec 3,5-dinitrotoluene 100%.

] Gas Chromatogrophy--One peak (representirg 100Z of the total .
areas) was obtained by gc under the following conditions:

Cogn

d e Colum: 5' x 4 rm glass column packed with 10% DC-20C on
: Chromasorb W-HP 80/100.

P S SR

E e Temperature: 100 to 220°C at 4° /min. j
s e Flow rate: 20 ml/min N,. %
4 ® Detection: Flame ionization. i

2 e Retention time: 789 ge ,3-dinitrotoluere 1007%. i

7 3

g 134

o IR

o s “ i ¢ AR BRI, Wi A e .

2 LT L ian e et i A ke sl MLk S D e % s i Lk o SN e i sk i il oot g il MWM RN i - j



e [ DS) INFITOLOWLINIQ~S*S A0 WiRIORJS QHEVEANI (9 SROLA .
. — JOLVEIIO [~ SSINADIHL d.
~

: PyEgviee ssm | LEW O kVW 3LVQ ASVHY [ LTS 3977 g ™~
Q * 8-83s0) ‘a'I

“. Z | uMimus - P :

w N-D oN-4y oN :H | 7AP=F wNdus 02N T AL¥Nd

W Frerp-2 2vwid yoinp 9 :T.o......?cn.. Mr 0-W:q A.Puﬂwm Z9N) '
_,, _ S S K2224F Sul 509 O m
| .olnM PP H-> svmd wx 3 oAy 1D (oW g i
W KM 1:418 PEYCYITS , o

; 9% MAONS SHIVWIY AN=9O31 o NIORO | ¢ "ON WNi1D3dS

o |

Vit aevah rrkiinl

5 (SNO¥DIW) HIONINFAYM q
Gl FIN\ El zl 1l ol 6 mwk\/o ¢ 1 4 £ o

108T1-LL1; 4011 8 N A
ﬁ R 102 , 1

vy

kS TON -

D
2
3

[
) ﬂ

Ak I e A R

i dad et

-
ISR LY ¥ SOOI o Y YRS

e : 0°0

I
T ™ ™ =TT q.w\.«. Ty T LOED SEN I I N I 2 LIS S | T

.M ._
00L 008 00s 0001 1-WO 00§t 0720¢ 000€ 00Ty

S T P S T T ST




T T T NPT~y - seg e e e <. . e e S 7 st e s -
e e e T ek it T e ey e e e e

o TN — o

EILIT DT s

ANANIOLOMIINIG-S '€ &40 WMILIAS WHN 89 FUAOIL

T T ey 1 g g e

]
,
o . o ‘ )
TECTG VA (] TP P | PV Mt A b s b s e L ik

; == _ o —
' i e c L - —f
i : : . . } ;o |
i : H )
§ H R i .
i S S O . vl
[ Py ! C
m. T M S v . M ]
m |||||| 1 S : ! ]
3 4 B z I 3
{ IIe j » ) L A i
£ ol O N .*u — e L. i .3
¥ o I b | ; LS
! - LA S ! N . 0 LI
i e o e P by L « -
i [ RPN R > P . i . H . & b
: N . Pl RN ~ =
s L SRR ' 3
R ETREE S et SR ” i
, P i b ; 3
A A : D | u\L b
R g [ i L3
w . It Y X
ig> 3 4\%!..“.' ~ + e pome e e g e i : I
Gere.y p Pee 2o 01 w 1 4 1
vy g wam—-| ' L o 4 - Ry -~ i
T ergivng smmm | ~ i | i + ' . - - w
............................ - P | i . H \ b R ! : J o .
rY Ve St 4. -
o ¥z L L ve

444 s

:

3

! 3
3
i
Q

w.m

¥

»)
:

e T 5o " - T s S

T e b o s e R LAY G L T, et s £ s ot et g s i s ™ i s £2° 1




T T I At bt Kl Al il e A Tt Ak e A R I At
d

‘m; ;, __: : = _; 3, 5-dinitrotoluene

——

———e o - - — - E
] s —f g — SRS SSVUEUN U U S 1
| S R —_— e

‘ - -t 4 -4 -4 -

B S Dl T S I o —

1t
l

|
i
]
1
|
|
1
1
1

C=z= ¢.3Sx0 341/

'j Ao‘loscﬁ. s, 605

oAt L T Canef: 9530

|
i
H
:
]
t
;
!
i
o
J i
|
{
v
T e s e e

3
! ]
L <

I,
il
bl
]
i
1
i

+

il

|

1
i

5

|

N

o
B
P
PN B

*; : & as9ef s /7500

T
|
t
t
i
{
[
|
4
|
wd
.L'x

A!mf* Loy i

€ 3o d ¢ /6450 3

t
] e (s S SRt SO b !
! N S o1 - P
3 - - - ]
]

? = e ‘.._":_,.E'sf?j"‘:4"'.;"..'."‘"'_" 3.7

A
3
N

% IS D SR §
i ,‘ ,-j .:.:*l U U

FIGURE 69 UV SPECTRUM UF 3, 5-DINiTROTOLUENR

137

e — T AL o

z

l.'. S " L Voo L AR B L) A" 493 6 s K b (R i - A ot b a i Ui hishab - et aming [t Gl s ARl A il stk s FOELAEAY i i I bl i MR ]

AT A T A, T S AT S A AP i i i ok . e i €k Tl




(M ImnE i LU

[N —

SCThee
BCERC OB 0L

a 44 camd e om . g,
OLOWLINIA-S*€ 40 WVED0L
T-0— " ) e

._i,.
fee—

PR

=

::-

|
]

Mrrprantlva

[T Yo

!
|

WD

136

o o o e by

RHFERAT N YT T

PR PSSV PRI SR SPUURE SPRITON SOV G,

"

Crlow

. —— ...+ -

" - SO{Y
|

o e =

. 9,$°PN

s

«le

cermf o e

e e e | g e e e
i .

-

awamalovun

-ta-s'<[w

R ENES A

|
i

T L CUR TSR T3 ST B o

3,8

o
&

B Ty - P onr T WP Ty N

Bt e e e R S * |

¥
M

[OPER VoY

RN AL A o b ALANE} ' L i £ ki i )

ik




TR T

Fom T IO e g N i S

3

B 3 joo ___jr

25

11

789

1.2 U A 11! 1ee3
o] _ 1 l_
e | ) : 1 o1

— P - - [N ROV S S

J—— - ———— —_— 4 J._.

T A | B [
- e 1'4 e - ”‘ "-' T‘

101711111 T
N1 ] N S i B A R

ENL L T ) ] (T

- g “4- -

o —

Lenrty oo M £,

Citlnr C'.A)a
[ %) :‘o B ®

S0ty .l.o..'.'.‘:',.“n |

LSarp'm 5§ DAT

3220 .

Cpontae QM'Nw--j:l‘!..LIJ_ '

Tampolt vel ]

1.
lﬂs;'l— SV WinP e

¢ 210022
Die: RRO ¢
LN 200 ‘

3. . u

. l‘&‘/w.-—

ot s
am Pora ‘1 LA

(9
\ O
14

FIGURE 71 GC SPICTRUM OF 3,5-DINITROTOLUENE

139

5232841
142448
25
5377320

P

POIPPRPEE

e,




ENTOLONLINIG-S E 20 MILLOEAS SSW 7/ DML

IINWLOULINIE-S’E  201-8 SALNNIN £2°01 % WS

*, . . ®, T ",

=

140

EEXEEEREEEEER.




-

4.12 3,4-Dinitrotoluene
4-Methyl-1,2-dinitrobenzene
[610-39-9]

CHs
v~ "NOs
NOy
Source: Aldrich Chemical Company
Lot No. AB 082467
Cetalog No. 14,812-1
Identity -~

Ir- rhe 1. spectrum was consistent with the prvopored structure.
The following bands were observed: '

(1) (KBr pellet) 3.3 (=C-H, aromatic), 3.5 (C-H, methyl), 6.2,
6.8 (C=C, ring), 6.5, 7.4 (N=0), 9.6, 13.5 (C-H), 11.8
(C-N, aromacic NOy), 8.2, 8.6, 8.75, 10.28, 10.8, il1l.15,
12.55, 13.3, 14.55 um.

(2) (KBr pellet) 5-6 (aromatic overtones) um.

Nar——The nmr spectrum was consistent with the proposed struc-
ture. The following chemical shifts were observed, and the number of

protons each signal represents was determined from signal integrals:

8 £.56 (singlet, 3H) CHy; 8 7.65 (doublet, Ha; J = 3 cps) H;
¢ 7.82 (singlet, Hb) Hb; § 7.95 (singlet, Hc) Hc‘

uv LMethanol)--me = 217.0nm, A=0.910, ¢ = 13,300
A = 260.5nm, A=0,421, ¢ = 6150.
max

Purity (99.9% ¢+ 0.12

Elemental Analysis--

Anal. for C7H6N204: Calcd: C, 46.2; H, 3.3; N, 15.4
Found: C, 46.00; H, 3.35; N, 15.32.
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Bigh-Pressure Liquid Chromatography--One pesk representing i
100Z of the total peak areas was observed by hplc. The following hplc ;

conditions were used:

Column: 4 mm X 30 cm u Bondapak C]B {(Waters Assoc.)
Soivent: 50% HZO/SOZ CH30H ]
Flow rate: 1.6 ml/min ;

Detection: uv at 254 nm

o g T T e T S

Retention time;: 517 cec 3,4-dinitrotolueae 100Z.

Gas Chromatographv--One major component (rzpr:=semntiag 99.8%
of the total pesk arecs) =nd one minor compoueat were opserveud by g
under the following conditions:

: e Column: 5' x 4 mm giass column packed with 102 DC-200 on
‘ Chromasort W-HP 80/100.

Temperature: 100 to 220°C at 4°/min.

Flow rate: 20 ml/min "2'

In:tection: Flame ionizationm.

{

i

Retention time: 837 sec 3,4--dinitrotoluene 99.8%; 757 sec ?
impurity 0.2Z. :
1

i
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4.33 4,5-Dinitxo-m-Xylane
1,5-Dimet%yl-2,4~dinitronenzene
{616-73-8)

CH,
03N
0L
CHy
NO,
Source: Synthesis, SRI
CHy CHs
. 0aN
HNO, 2
Ol &>
48%
CHs CH,
NO,

Ir--The ir spectrum warf consistent with the proposed structure.

The following bands were otaerved:

{1) (XBr pcllet) 3.25 (=C-H, aromatic), 3.4, 3.5 (C-H, methyl),
6.2, 6.85 (C=C, ring), 6.5, 7.45 (N=0), 9.65, 13.4 (C--H),
11.62 (C-N, aromatic NOj), 7.88, 8.55, 10.85, 11.3, 11.9,
12.9, 12.75, 14.35, 14.9 um.

(2) (Thin film in ChC13) 5-6 (aromatic overtones) um.

Nmr--The umr spectrum was consistent with the proposed struc-
ture. The following chemical shifts were observed, and the number of

nrotons each signa. represents was determined from signal integrals:

§ 2.7z (singlet, 6H) CH3; &8 7.43 (singlet, H) H,
& 8.57 (singlet, H) Hy.

207.4nm, A=0.926, ¢ = 8420
249, 4nm, A=1.121, ¢ = 10,200.

uv (Methanol)--2
uv {Methano /™" Ana

A
max

X

Purity (99.0 * 1%)
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Elemental Analysis-—-

Anal. for C8H3N204: Calcd: C, 49.9; H, 4.1; N, 14.3
Found: C, 48.79; 4.11; N, 14.17.

High-Pressure Liquid Chrematography--One peak representing

10C% of the total peak areas was observed by lplc. The following hplc

conditions were used:

e Column: 4 mn ID x 30 cm 1 Bondapak ClS \Waters Assoc.)

e Solvent: 50% H20150% CH30H

e Flow rate: 1.5 ml/miu

e Detection: uv at 254 rm

o Average retention time: 853 sec 4,6-dinitro-m-xylene 100%.

Gas Chrumatography--One major compenent (representing 93.07 of

the tctal peak areas) and two minor componunts were ot.served by gc under

the following conditions:

e Columu: 5' x 4 mm glass column packeZ with 30% DC-:00 »n
Chromasorb W-HP 80/100.

Temperature: 110 to 220°C at 4° /min.

Flow vate: 30 ml/min N,.

Detection: Flame ionizacion.

Reten ion time: 1028 sec 4,6~dinitro-m-xylene 98.0%; 820
sec impurity 1.06%; 1442 sec impurity 0.94%.
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199-35-4]
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ldentity

Ir—The ir spictrua was consistsnt with the proposed structure
an wull as with Sadtler Reference No. 1086 for 1,3,5-trinitrobenzens
(mulled in minarai oil). The following vands vere choerwad:

(1) (E3r pellet) 3.3 (=C-4, aromatic), 6.2, 6.93 (C«, rings,

6.5, 7.5 (N=0), $.35 C-d), 5.0, 10.9, 13.2, 13.7, 14.0 us,

(2) (SBr pellet! 3-6 (arumatic overtenes, possibly 1,3,5-
benzenoid substitution} um.

Nar--The nm spectyum was consistent with the proposed struc-

ture. The following chemical shifts wer: cbserved, and the number of

protons each signal reprezents was deternined frow signal integrals:

6 9.2h (singlet, 3H} H.

uv (Hcthnuo}l-—».\“x o 272.8om, A=1.775, ¢ » 27,200.
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Purity (100X)
Elemertai Anxlysisz—

Anal. lor C6H3"306: Caled: C, 33.31; H, 1.42; N, 19.72
fFomd: C, 33.95; R, 1.44; X, 12.9).

Triniiro compounds give low K analysis on the Perkin Elmer
CHN anslyrer.

High-Pressure lLiquid Chromstography--One¢ peak (raprosenting U0
of the total pesk arams) was obpesad by hplc. The following hplc comdi-
tics were used:

Columm: 4 wm ID x 3 c» 11 Bondapak Clﬁ (Vaters Assoc.)
Solvent: 502 BZO,' 59X cn3a=

Flow rate: 1.2 ml/min

Datectior: vv at 254 nm

Rezention time: 326 sen 1,3,5-triaftrobeizens 1001,

Gas Chromstopraphy--One prak {(reprasenting 100Y of the toral peak
avean) vas ohgarved by gc under the following conditiona:

e Columa: S5' » &4 sm glass column packed with 10X DC-200 con
Chromasord W-HP 81.'.00.
Temperst.ure: 100 to 220°C at 4°/min.
Tlow rate: 20 wml/ain "2'
Detection: Flawe iomization.

Betantion timn: 939 sec 1,3,5-trinitrobenzene 100X,
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4.15 2,4,6-Trinitrotoluene
2-Mathvl-1,3,5-trinitrobenzene
(118-96-7) CH, *
0,N NO,

NOs
Source: E. I. duPont
Lot number not available

Identity (recrystallized)

i Ml bbb e

P Ir--The ir spectrum was consistent with the proposed structure

; as well as with Sadtler Reference No. 21886 for 2,4,6-dinitrotoluene .
(between salts). The foilowing bands were observed: (KBr pellet) 3.3 i

3 (=C-H, aromatic), 6.2, 6.85 (C=C, ring) 6.5, 7.4 (N=0), 13.6 (C-H), 8.3,

8.55, 10.6, 10.99, 12.58, 13.9 um.

Nmr—--The nmr specirum was consistent with the proposed struc-

ture. The following chemical shifts were observed, and the number of

protons each signal represents was determined from signal integrals:

§ 2.39 (singlet, CH3); § 8.78 (singlet, Ha)'

uv (Methanol)--kmax = 226.0nm, A=1.793, ¢ = 18,700.

L Purity-- (Recrystallized, 99.995 * 0.05%; crude, 99.6%)

e e et am bt A il

Elemental Analysis--

] Anal. for C7H5N306: Caled: C, 37.0); H, 2.22; N, 18.50
' Found: C, 36.95; M, 2.26; N, 17,93,

Dy i

Trinitro compounds give low N results with the Ferkin~Elmer

CHN analyzer.
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High-Pressure Liquid Chromatography--(2,4,6-Trinitroluene,

recrystallized.) One major component (representing 99.9% of the total
peak areas) and one minor component were observed by hplc. The following

hplc conditions were used:

Column: 4 mm ID x 30 cm u Bondapak C18 (Waters Assoc.)

Solvent: 50% HZO/SOZ CH30H

Flow rate: 1.6 ml/min

Detection: wuv at 254 nm

Average retention time: 442 sec 2,4,6-dinitrotoluene 99.9%;
69 sec impurity 0.1%.

ST T TR L e e

: Gas Chromafography—
| Crude 2,4,6-trinitrotoluene-~-One major component (representing
99.6Z of the total peak areas) and one minor component were observed by

2
:
i gc.
E
j

Recrystallized 2,4,6-trinitrotoluene--One major peak (repre-
{ gsenting 100% of the total peak areas) was observed by gc. The following
gc conditions were used in both cases:
e Column: 5' x 4 mm glass column packed with 10% DC-230 on
Chroxzasorb W-HP 80/100.
Temperature: 1C0 to 220°C at 4°/min.
Flow rate: 20 ml/min N,.

Detection: Flame ionization.

, Retention time: 988 sec crude 2,4,6-trinitrotoliene 99 .6%;
' 763 sec impurity 0.4%; 1024 sec recrystailized 2,4,6-
trinitrotoluene 100%.
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FIGURE 93 UV SPECTRUM OF 2,4,6-TRINITPOTOLUENE
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4.16 3-Amino-2,4~Dinitrotoluene
3-Methyl-2,6-dinitrobenzenamine CH,
NO,
\/ Nul
NO,
Source: Syuthesis, SRI )
CHy CHy CHy
Og NO
N0z ps0, Moz wig 2
9%
HNO4
(o) NO
e 3% 2 N
02 NO2
Identity A
Ir--The ir spectrum was consistent with the proposed structure.
The following bands were observed: (KBr pellet) 2.9, 3.0 (N-H, 1° aromatic
amines), 3.3 (C-H, aromatic), 3.4 (C-H, methyl), 6.2, 6.85 (C=C, ring),
6.4, 7.4 (N=0), 7.85 (C-N, 1° aromatic amines)., 9.6, 13.3 (C-H), 11.2
(C-N, aromatic NO,), 7.7, 8.55, 8.85, 11.9, 12.1, 12.95 um.
Nmr--The nmr spectrum was consistent with the proposed structure.
The following chemical shifts were observed, and the number of protons
each signal represents was determined from signal integrals:
§ 2.13 (singlet, 3H) CHy; 8 6.50 (doublet, N,
J = 8.5 cps) Ha
: 8§ 7.30 (singlet, 2H) NH, ; § 7.94 (doublet, H,
: J = 8.5 cps) H .
i
uv_(Methamol)--A . = 226.2nm, A=1.494, € = 21,700
! A___ = 268.0nm, A= 0,484, € = 7050
bod max
Amax = 380.0nm, A~0,336, € = 4890.
:
¢ Purity (99.8%)
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Elemental Analysis--

Anal. for C7H7N30a: Calcd: C, 42.65; H, 3.58; N, 21.31
Found: C, 42.40; H, 3.54, N, 21.16,

High~Pressure Liquid Chromatography--One major component

(representing 99.75X of the total peak areas) and one minor component

were observed by hplc. The following hplc conditions were used:

Column: &4 wm 1D x 30 cm u Bondapak 018 (Waters Assoc.)
Solvent: 50% HZOISOZ CH,OH
Flow Rate: 1.6 ml/min

Detection: uv at 254 nm

99.75%; 78 sec impurity 0.257%.

Gas Chromatographv--One major component (respresenting 99.76%

of the total peak areas) und three minor components were observed by
gc under the following conditions:
e Column: 5' x 4 mm glass column packed with 10% DC-200 on
Chromasorb W-HP 80/100.
o Temperature: 110 to 220°C at 4°/min.
e Flow rate: 30 ml/min N,.

2
o Detection: Flame ionization.

o Retention time: 1145 sec 3-amino-2,4-dinjtrotoluene 99.76%;

276 sec impurity 0.03%; 427 sec impurity 0.06%Z; 973 sec
impurity 0.15%.
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Average retention time: 435 sec 3-amino-2,4-dinitrotoluene
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Elemental Analysis--

Anal. for C7H7N304: Caled: C, 42.65; H, 3.58; N, 21.
Found: C, 42.40; H, 3.54, N, 2

gh-Pressure Liquid Chromatography--One major conggment

(representWii99.75% of the total peak areas) and one ming g onponent

were observed@lahplc. The following hplc conditions wesused:

;

e Col¥A: 4 mm ID x 30 cm u Bondapak C18 (gll:rs Assoc.) 3
. b " : \ ! 3
e Solv o 50% HZG/SOZ UHBOH !
e TFlow Ra¥g 1.6 ml/min :
o Detection v at 254 nm : §
o Average reltion time: 435 sec 3-JMF-?,4-dinitrotoluene %
99.75%; 78 3 impurity 0.25Z. H
Gas Chromatograph¥One major compolify (respresenting 99.76% ' i

of the total peak areas) and ee minor confints were observed by

¢ mder tha following conditifg:

a {0
@ Columa: 57 x 4 mm $NES cgRBFD packed waith 10% DC-200 on ;
Chivmasnih W-HP 80/1 "N : ?

e

Temperature: 110 to 22(JKdBt 4°/min.

Flow rate: 30 nl/min

Detection: Flame 1o - tion.

Retention time: 11 bac 3-ami?d
276 sec impurity NgN.; %27 mec
impurity 0.15%. _ .

S

R 4=-dinitrotoluene 99.76%;
ity 0.06%; 973 sec
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4.17 4=-Amino-3,5-Dinitrotoluene
4-Methyl-2,6~-dinitrobenzenamine CHs

[6393-42-6]

OIN NO.

|
E NH,
E Source: Synthesis, SRI

: CHy CH, CH, CH,
t
Ac,O HNOS O -‘_:%_’
OzN NOR OzN NO2
‘ NH, NHAc NHAC NH,
i
E Identity

Ir—The ir spectrum was consistent with the proposed ctruciure.

} The following bands were observed:

(1) (KBr pellet) 2.9, 3.0 (N-H, 1° . omatic amines), 6.15,
, 6.95 (C=C, ring), 6.5, 7.4 (N=0), 8.0 (C-N, 1° aromatic
k amines), 11.2 (C-N, aromatic NO2), 13.65 (C-H), 12.55,
12.95 um.

(2) KBr pellet) 5-6 (aromatic overtones) um.
|

Nar--The nmr specirum was consistent with the proposed structure.
The following chemical shifts were observed, and the number of protons

each signal represents was determined from signal integrals:

8§ 2.20 (singlet, 3H) CH,; § 8.10 (singlet, 2H) NHZ;
§ 8.22 (singlet, 2H) H.

Peaks at 2.4 and 3.2 are from DMSO and HZO' respectively.

uv gHethanolln)\mx = 225.0nm, A=0.414, ¢ =~ 18,300
Amax = 252,0nm, A=0.189, € = 8360.

Purity (97.35 * 2.2%)
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Elemental Analysis—--

Anal. for C7R7N304: Caled: C, 42.6; H, 3.6; N, 21.3
Found: C, 42.53; H, 3.51; N, 20.68.

High-Pressure Liquid Chromatography~-One major component

[reprerenting 925.15% (avg.) ct the total peak areas] and three minor
components were cbserved by hplc. The folluwing uple conditions were

used:

Column: 4 ma YD x 30 cm u Bundapak C18 (Waters Assoc.).
Solvent: 502 HZOISOZ CH3OH.
Flow rate: 1.6 ml/min.

Detection: uv at 254 nm.

32 & & o @

Average retention time: 6861 sec 4-amino-3,5-dinitrotoluene
95.15%; 74 sec impurity 0.372; 226 sec impurity 3.98%;
266 gec impurity 0.50%.

Gas Chromatography--One major component (representing 99.55%

of the total peak areas) and one minor component were observed by gc

under the following conditions:

; o Column: 5' x 4 ma glass column packed with 10% pC-200
' on Chromasorb W-HP 80/100.

¢ Temperature: 110 to 220°C at 4°/min.
e Flow rate: 30 ml/aln. |
é e« Detection: Flame ionizatiom. 3
; = Retent?on time: 1214 sec 4-amino-3,5-dinitrotoluene 99.55%; ;
i 909 sec impurity 0.45%. i
i
i
i
¢ 3 » ~ -® . 0 4‘

o
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; 4.18 3-Amino-2,6-Dinitrntoluene
i ‘ 3-Methyl-2,4~d4initrobenzenanine

: CH,
; 0aN NO,
;
W N“’
] Source: 3yanthesis, SRI
: CHy ' Cﬂs
0N %0 02

Nﬁzoﬁ k
£
L O xoﬂ O

26%

P T e

Identity
Ir--The ir spectrum was consistent with the proposed structure.
The following bands were observed: (Kir pellet), 2.9, 3.0 (N-H, 1° aro-
matic amines), 5.5-59 (atmospheric H?O), 5.2, 6.8 (C=C, ring), 6.5, 7.4
' (N=0), 7.65 (C-N, 1° aromatic aminesi, 11.2 (C~N, éromatic NO,), 12.15, : ]
‘ 12.9, 13.25, 14.4 pm.

§ Nmr--The nmr spectrum was consistert with the proposed struc-~

ture. The following chemical shifts were observed and the number of

ey

4 protons each signal represents was determined from signal integrals:

§ 2.27 (singlet, 31) CHy; & 3.17 (singlet, H) H,
§ 6.72 (doublet, 2H, J = 10 cps) NHZ
§ 7.85 (doublet, H, J = 10 cps) Hb.

uv (Met:hemol}--Am‘x = 205.4nm, A = 0.496, ¢ = 14,900
Amar = 225.0m, A= 0,373, ¢ = 11,200
Amax = 343.0nm, A= 0,332, ¢ = 9970,

Purity (99.85%)

am kAR M b e e tiaria
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Fiemental Analysis--

Anal, for C,H_N.0,: Caled: ¢, 42.65; H, 3.58; N, 21.31

7777374
Found: C, 42.41; H, 3.50; N, 21.14.

High-Presaure Liquid Chromatography--One mejor component

(representing 99.8% of the tontal peak areas) and one minor component

were observed by hple. The following hplc conditions were used:

e & O 9o o

Column: 4 mm fD x 30 cm ¢ Bondapak C18 (Waters Assoc.)
Solvent: 50% HZO/SOZ CH3OH

Flow rate: 1.6 ml/min

Detection: wuv at 254 nm

Av:rage retention time: 538 sec 3-amino-2,6-dinitrotoluene
99.8%; 150 sec impurity 0.2%.

Cas_Chromatography--One major component (representing 99.97 of

the tctal peak areas) and one minor component were observed by gc under

the following condicions:

Column: 5' %X 4 mm glass column packed with 10% DC-200 on
Chromasorb W-HP 80/100.

Temperature: 110 to 220°C at 4°/min.
Flow rate: 30 ml/min NQ.
Detection: Flame ionization.

Retention time: 1491 sec 3-amino~2,6-dinitrotoluene 99.9%;
755 sec impurity 0.1%.
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4,19 4-Amino-2,6-Dinitrotoluens CH,

: 4-Methyl-3,5-dinitrotanzenamine OgN NO,
; [1946-51-0} (::>
NH,

Source: Naval Surface Weapons Center (obtained from Aldrich
Chemical Co. under Navy Contract N60921-75-C-0251,
September 1976)

Iuentity

Ir--The ir spectrum was consistent with the proposed structure.
The following bands were observed: (KB:r pellet) 2.9, 3.0 (N-H, i° aro-
matic amines), 3.3 (=C-H, aromatic), 6.1, 6.7 (C=C, ring), 6.5, 7.4 (N=0), | ;
7.65 (C-N, i° aromatic amines), 13.65 (N-H), 7.0, 7.2, 8.3,.11.05, 12.3, i
12.85, 13.4 um. "

Nmr--The nmr spectrum was consistent with the proposed struc-

E ture. The foilowing chemical shiifts were observed, and the numbtor of

——T

t protons each signal represents was determined Srom signal integrals:

8§ 2.12 (singlet, 3H) CHy; & .00 (sianglet, 2H) NH,
§ 7.20 (singlet, 2H) H.

uv LMethanol)«-)\ma‘ = 205.0nm, A= 1.360; ¢ = 17,800

i Amax = 234.8nm, A= 0.505; ¢ = 20,500, ;

Purity (99.7 * 0.3%)

Elemental Analysis--

Anai. for C7H7N304: Caled: C, 42.6; 4, 3 T .3
Found: C, 42.52; H, ..t., " *..37.

High-Pressure Liquid Chrcmatography LERAY .- 3enting

100% of the total peak areas) was observed by hpic. i 10llowing hple

conditions were used:
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Column: &4 mm ID x 30 cm u Sondapak C18 (Waters Assoc.)
Sclvent: 502 H20/501 CH30d

Flow rate: 1.6 ml/ain

Detection: uv at 254 nm

Average retention time: 528 sec %-amino-2,6-dinitrotoluene
100%.

Gas Chromatogyaphy--One major component {represcnting 99.4% of

areas) and one minor component weve observed by gc under thw

conditions:

e Column: 5' x4 mm ginas column packed with DC-200 on :
Chromasorb W-HP 8C/100. ]
Temperature: 160 to 220°C at 4 /min.

Flow rate: 30 ml/min N,.

Detection: Flame ionization.

Retention time: 757 sec 4-amino-2,6-dinitrotoluene 99.4X%;
863 sec impurity 0.6%.
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; 4.20 5-Amino-2,4-Dinitrotoluene (Recrystallized)
¢ 5~-Methyl-2,4-dinitrobenzenamine

P . CHy

NO,

\ “

E 3

% HoN"2

b ‘ Source: Synthesis, SRI NO,

!

,E

i CHg CHy

:

HaS04 02"

i mos - A
E Noz  65¢ 2 -J
t NOp NO- ;1
Identity :

Ir--The ir spectrum was consistent with the proposed structure.

e

The following bands were observed: (KBr pellet) 2.9, 3.0 (N-H, 1° aro-
matic amines), 6.2, 6.75 (C=C, ring), 6.4, 7.5 (N=0), 7.9 (C-N, 1° aro-
? matic amines), 9.7, 13.5 (C-H), 11.5 (C-N, aromatic NO,), 7.05, 8.5,

E 10.85, 11.99, 14.15 um,

Nmr--The nmr spectrum was consistent with the proposed struc- i

ture. The following chemical shifts were observed, and the number of ]

protons each signal represents was determined from signal integrals:

& 2.38 (singlet, 3H) CH3; § 6.77 (singlet, H) B,
§ 7.94 (singlet, 2H) NHZ; § . 57 (singlet, H) Hb. , i

uv_(Methanol)--A = 205.6nm, A= 0.667, € = 24,500
= 231.4nm, A=0.426, € = 15,700 ’
max
A = 262.0nm, A=0.376, ¢ = 13,800 _
max :
A =331.0nm, A=0.302, ¢ = 11,100. ‘
max !

Purity (99.8 % 0.2%)
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Elemental Analysis——

Anal. for C7H7N304: Calcd: C, 42.6; H, 3.6; N, 21.3
Found: C, 41.94; H, 3.51; N, 20.97.

High-Pressure Liquid Chromatography--Oue major component

(representing 99.6% of the total peak areas) and two minor component.s

were observed by hple. The following hplc conditions were used:

e Column: 4 mm ID x 30 cm u Bondapak C18 (Waters Assoc.)
e Solvent: 50% HZOISOZ CH30H

e Flow rate: 1.6 ml/min

e 0 b N Stk b A

e Detection: uv at 254 nm

3
3

e Average retention time: 615 sec 5-amino-2,4-dinitrotoluene ;
99.6%; 52 sec impurity 0.2%; 99 sec impurity 0.2%. i

Gas Chromatography--One major peak (representing 1002 of the

total peak areas) was observed by gc under the following conditions:
e Column: 5' x 4 mm glass column packed with 10% DC-200 on ) 4
Chromasorb W-HP 80/100. : ;

e Temperature: 160 to 220°C at 4°/min. 1

e Flow rate: 30 ml/min N,. L

o Detection: Flame ionization.

e Retention time: 870 sec 5-amino-2,4-dinitrotoluene 100Z. §

itrims s tae i Sm il

o = e s
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4.21 2-Amino-4,6-Dinitrotoluens CH
!:ﬂitﬁ;I-s.S:ZIEItroscnztnanino ’
[35572-78-2} OsN NHq

»
NO,

Source: Naval Surface Weapons Center (obtained from Aldrich
Chemicsl Co. under Navy Contract N60921-75-C-0251,
September 197%)

Identity

Ir--The ir spectrum was consistent with the propcsed structure.
The following bands were observed: (KBr pellet) 2.9, 3.G (N-H, 1° aro-
matic amines), 6.1 (C=C, ring), 6.5, 7.4 (N=0), 9.5 (C-H), 11.3 (C-N,
aromatic N02). 13.55 (C-H and/or N-i), 10.4, 10.75, 12.3, 12.8, 14.1 um.

Nmr--The nmr gpectrum was consistent with the proposed struc-
ture. The following chemical shifts were obéerved, and the number of

protons each signal represents was deterwined frum signal integrals:

§ 2.07 (singlet, 3H) CH;; § 6.08 (singlet, 2H) NHy;
§ 7.58 (singlet, 2H) H; 2.4 (DMSO) and 3.2 (Hy0).

uv (Hethanou--lmx = 227.0nm, A=0.729, ¢ = 20,600.

Purity (99.9 * 0.12)

Elemental Analysis--~

Anal. for C7H7N304: Zalced: C, 42.6; H, 3.6; N, 1.3
Found: C, 42.41; H, 3.59; N, 21.25.

High-Pressure Liquid Chromatography--One major peak (represent-

ing 1002 of the total peak areas) was observed by hplc. The following

hplc conditions were used:

e Column: 4 mm ID % 30 cm u Bondapak C18 (Waters Assoc.)
e Solvent: 50X HZOISOZ CH4OH

214
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e Flow rate: 1.6 ml/min

® Retention time: 553 sec 2~amino-4,6-dinitrotoluene 100%.

Gas Chromatography--One major component (representing 99.8%

of the total peak areas) and one minor component were observed by gc

E under the following conditions:
£
E e Column: 5' x 4 mm glass column packed with 10% DC-200 on
; Chromasorb W-HP 80/100.
? e Temperature: 110 tc¢ 220°C at 4°/min.
3 e Flow rave: 30 ml/min N,. i
; » Detection: Flame ionlzation.
: e Retention time: 1574 sec 2-amino-4,6-dinitrotoluene 99.8%;
! 1124 sec impurity 0.2%.
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4.22 2-Amino-4-Nitrotoluene
2-Methyl-5-nitrobenzencunine CH
[99-55-8] ’

NHs

Source: Pfaltz & Bauer
Lot number not given
Catalog No. M22730

[V}

Identity

Ir—The ir spectrum was consistent with the proposed Structure
as well as with Sadtler Reference No. 13670 for 2-amino-4-nitrotoluene
(KBr wafer). The following bands were observed: (KBr pellet) 2.9, 3.0
(N-H, 1° aromatic amine), 6.1, 6.9 (C=C, ring), 6.6, 7.4 (N=0), 7.75
(C-N), 11.4 (C-N, aromatic NOs), 13.55 (N-H, 1° aromatic amine and/or
c-n), 8.8, 9.05, 9.7, 10.0, 10.55, 12,1, 12.2 um.

Nmr--The nmr spectrum was cons’stent with the proposed struc~
ture. The following chemical chifts were observed, and the number of

protons each signal represents was determined from signal integrals:

§ 2.00 (singlet, 3H) CHy; § 5.28 (singlet, 2H) NH2
8§ 6.83 (doublet, H, J = 4 cps) H,
6§ 7.03 (doublet, H, J = 4 cps) Hy

§ 7.32 (singlet, H) Hc'

uv QLethanol)—-Amax = 203.5nm, A=~J.795, € = 7790
Amax = 229.0nm, A=1.242, ¢ ~ 12,700
Amax = 251.2nm, A=1.215, ¢ = 11,900
Amax = 287.0nm, A= 0.449, € = 4400
A = 369.0nm, A~0.189, ¢ = 1850,

max

Purity (°7 75 * 1.65%)
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Elemental Analysis—-

Anal. for C7BBN202: Caled: C, 55.3; H, 5.3; N, 18.4
Foamnd: C, 53.18; H, 5.21; N, 18.45.

Some residue was noted.

High-Pressure Liquid Curomatography--One major component

(representing 98.3 to 99.4% of the total peak areas) and one minor com-

E ponent were observed by hplc. The follcwing hplc conditions were used: - f
E © Column: 4 mm ID x 3C cm u Bondapak C18 (Waters Assoc.)
§ e Solvent: 60X H,0/40% CH30H and 55% H,0/45% CH,OH
E e Flow rate: 1.6 ml/min ]
? e Detection: uv at 254 nm

e Retention time: At 60X Hy0/40% Hp0, 656 sec 2-amino=-4-

nitrotoluene 99.4%, 530 sec impurity 0.6%; at 55X Hp0/45%
vaOH, 418 sec 2-amino-4-nitrotoluene 98.3%, 354 sec impu-
rity 1.72.

Gas Chrcmatography--One major component (represeating 96.1%

of the total areas) and two minor components were observed by gc under
j the following cenditiong:

¢ Column: 5' x 4 mm glass column packed with 10% DC-200 on H
Chromasorb W-HP 80/100.

Tewperature: 110 to 220°C at 4°/min.

Flow rate: 30 ml/min M,.

Detection: Flame ionization. i

Retention time: 995 sec 2-amino-4-nitrotoluene 96.1%; ;
827 3ec impurity 3.3%; 1102 sec impurity 0.6Z.
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4.23 2,4~Dinitro-5-Methylphenol

H

NO,
O
HsC
i Source: Synthesis, SRI NOa
; CH! CH; CH,
; NOa NO, NO,
{ NH +
| 107
! NO, HaN HO
! 04 NOg NOa

ldentity

Iv--The ir spectrum was consistent with the proposed struc~

ture. The fel.owing bands were observed: (KBr pellet) 3.2 {C-H,

aromatic), 6.15, 6.65 (C=C, ring), 6.32, 7.69 (N=0), 8.38 (C~C), 9.7, “
13.39 (C-N), 11.5, 11.95 (C-N, aromatic NO,), 7.0, 7.85, 8.5, 9.0, o
10.78, 12.9, 14.28. 3

T X

Nmr--The nmr spectrum was consistent with the proposed struc-
ture. The following chemical shiftes were observed, and the number of
protons each sig..al represents was determined from signal integrals:

8§ 2,70 (singlet, 3H) CH,
§ 7.10 (singlat, H) Ha
§ 8.90 (singlet, H) Hb
£ 10.85 (singlet, H) OH.

Uy (Methanol)—-kmax w 214,22 am, A= 0.712, ¢ = 11,750
Amax = 263 nm, A= 0,79, ¢ = 12,100
Amax = 335.6 nm, A = 0.287, € = 4740.

Purity (> 5%)

Elementsl fnalysis-—-
- Anal. for C,HeN,Op: Caicd: C, 42.43; H, 3.05: N, 14.14
§ ’ Found: C, 42.26; H, 3.17; N, 13.86.
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High Pressure Liquid Chromatography--One major component
(reprasenting 98.7% of total peak areas) and one minor couponent were

observed by hple. The following hplec conditions were used:

* Colum: 4 mm ID x 30 em p Bondapak C,, (Waters Assoc.)
e Solvent: 60 Hs0/40% CH,0H

] ¢ Flcw rate: 2.0 ml/min

: * Detection: uv at 254 nm

Average retention time: 215 sec 2,4~dinitro~5-methylphencl
98.7%; 298 sec impurity 0.23%; 375 sec impurity 1.06X.

{ Gas Chrouatography--One major component (representing 98.9%
of total peak areas) and two minor components were obsarved by gc under

the following conditions:
» Column: 6' x 2 mm glass column packed with 10% rC 200
on Chromasorb
» Teuperature: 130° to 220° C at 4°/win
e Flow rate: 30 ml/min Ny

B e o S Lt s EYRIP Y

e Detection: Flame ionization

¢ Retention time: 11.62 min 2,4-dinitrc-5-methylphenol 1
98.9%; 13.8 min impurity 0.1%; 22.2 min impurity 1.0%,

s
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:" 4.24 4-Nitrobenzonitrile
| [619-72-7] o=
O
!
: x0,
: Source: Aidrich Chemical Ccwmpany
- Lot number not gives
; Cstalog No. N1, 200-7
!
.i Idencity
Ir—The ir spectiim wvas consistent with the proposed struc-
‘ ture. The following bands were cbsarvad: (FBr pellet) 3.25 (C-H,
1 aromatic), 4.48 (C=N), 6.25, 6.75 (O=C, ring}, £.59, 7.45 (#=0), 9.CS, ;
q 13.39 (C-H), 11.64 (C~-N, aromatic N0g), 7.78, 5.45, 9.85, 14.73 ym. 4
1 Nur-~The nmr spectrum vas zoksistant vith the proposed struc-
ture. The following chemical shifts were dhasrved, snd tha nwmber of
protons each signul represants ves deterwined from sigesl integrala:
3 N
¢ 8.38 (doublet, 2H, Jp.q = 3.0 cpu) My,
'3
3
] Dv (Matharol)--A___ = 206.C wm, A = 1.7¢, = 9000
E‘ ey " 2582 um. Aw 2.9, = 15,300.
1 turiry (~99%)

Elemental Anslysis--

Anal. for CoRoKeOy: Caled: €, 96.76; @, 2.72; X, 123.91
foumd: C, 96.52; ®, 3.00; 3, 1A.7S.
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Righ-Pressure Liguld Chromatogrephy—Ome mejor compoment
(representing 29.3% of totul pesk zress) and two minor compoments were
ocbeervad by hplc. The following hplc conditions were used:

* Colum: 4 mm ID x 30 cm v Bondapak C,, (Waters Assoc.)
s Solvent: $0% H;30/350% CH,OR

e Flow rate: 2.0 mlfuin

e Datscrion: wuv at 254 am

s Average tateniion time: 265 sec 4-nitrobenzomitrile 99.5%;
99 nec impurizy 0.16X; 189 sec impurity 0.132.

e

et

E Cso_Chromstography--One major pask (representing 100X of the
tota! paak arass) was observed by gc under the folloving conditions:

e Colum: 6' x 2 um glass packed with 10X DC 200 on
Chrvameotd W-NP 80/100.

e Temperature: 130° (4 min) to 220° C at 4°/min.

e Flow rate: 30 ml/min Ks.

* Detecticn: Flame ionization.

* Rsteution time: 4.94 min 4-nitrobenzylnitrile 100X.
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4.25 3~Amino~4~Nitrotolusne
S=-Methyl-2-nitrohenzenamine

CHg
| NH,
| NO,
| Source: Synthesis, 3RI
9 CH,
b NEL,OH
O == ©
04 .
NO. “09

Idcntitz

Ir--Tie ir apuctrum was ccnsistent with the proposed struz- {
ture. 7Tha folloring bands wers cbserved: (RB: pellet) 2,85, 2,95 §
{N-H, 1° aromatic arines), ¢ 15, 1.75 (C=C ring), 6.30, 7.55 (N=0),
7.06 (C-H, methyl), 8.CS (C-N, 1° aromatic amines), 9.7, 13.3 (C-H), ‘ ]
11.78 (C-¥, cromstic NOg), 8.5, 9.20, 10.5, 12.5, 13.6 um. o

T T BT W e

Nar-—The nor spectrum was consistent witl the proposed
strucsoure. The following chemical shifts were observed, and the nusber
of protons each tignal represents was determined from signal integrals:

8 2.25 (singlet, 3H) CH,

§ 6.0C (singlet, 2H) NH,

8 6.45 (douvlet, H, Jg_. = 3.0 cps) H,
§ 6.50 (einglet, H) Hy

8§ 7.95 (doudlet, H, J._q = 1.0 cps) H..

T G

Uv (Methanol)--) _ = 232.4 tm, A = 1.238, ¢ = 15,150
A___ = 288.3m, A=0.093, c = 6,300, i
Bax

Puxity (982) g
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Elemental /funalysis--

; Anal. for C,HgN30a: Calcd: C, 55.26; H, 5.30; N, 18.41
' Found: €, 55.09; H, 5.33; N, 18,23,

High-Pressure Liquid Chromatography--One major component
(representing 89.6% of total peak areas) and two minor components were
observed by hplc. The following hplc corditions were used:

vt e + —p

e Column: &4 mm ID x 30 cm u Bondupak C,;4 (Waters Assoc.)
¢+ Solvent: 502 H,0/50% CH4O0H

e Flow rate: 2.0 ml/min

; » Detection: uv at 254 cm

* Average retention time: 473 sec 3-amino-4-nitrotoluene
89.8%7; 239 sec impurity 5.8%; 279 sec impurity 3.6%.

Gas Chromatography-~One major component (representing 98.22%
of total peak areas) and two minor components, the larger being
4~smino~-3-nitrotoluene, were ohserved by gc under the following
conditions:

» Column: 6' x 2 mm glass column packed with 10Z DC 200 on
Chromasorb W-HP 80/100.

o Tewmperature: 130° (4 min) to 220° C at 4°/min.
e Flow rate: 30 ml/min N,.

¢ Detection: Flame ionizationm.

e Retention time: 10.30 min 3-amino-4-nitrotoluene 98%;
9.86 min 4-amino-3-nitrotoluene 1.8%7; 3.2 wmin impurity ;
0.2%. i

Gas Chromatography--One major cumponent (representing 981 of

tocal peak areas) and two minor components, the larger being 4-amino—
3-nitrotoluene, were obsarved by gc under the following conditions:

e Columm: 60-m SE30 glass capillary; Supelco
¢ Temperature: 130° (2 win) to 210° C at 2°/min i
s Flow rate: 0.5 ml/min N,

248 3




Split ratio: 150/1
Detection: Flame ionization

Retention time: 22.6]1 min 3-mino-4-nitrotolusne 981;
21.44 min 4-smino~3-nitrotolusne 1.7%; 11.00 min impurity
0.32.
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4$.26 2=-Ritrobonzonitrile ‘
‘rs1'£"'“l'9-za-9. ~ c=n

(029

Source: Aldrich Chemical Cowpany
Lot No. 099357CB
Catalog No. 16,774-6

Identicy

Iy ~The ir spectrum wis consistent with the proposed struc-
ture. The follaoring bands vere observed: (KBr pellet) 3.25 (C-H,
sromatic), 4.45 (C=N), 6.19, 6 80 (I=C, ring), 6.55, 7.43 (N=0), 9.1,

13.64 (C-H), 12.25 (C-N, aromstic ¥D,), 8.35, 9.30, 10.85, 11.05,
12.69 ma. )

Mur--The nmr spectrum was consistent with the proposed
structure. The following chemical shifls wera observed, and the
aumber of protons aach signal represeni:s vas determined from signal
integrals: & 7.73 (triplet, H, Jg po = 2.5 cps) Hy

8 8.03 (doublet of triplets, !, Jp-g = 2.0 cps) Hy
§ 6.59 (doublet of triplets, i, J.-g = 2.0 cps) H.
§ 8.56 (singlet, H) H,y.

4

I (Mechaaol)--A__ = 216.2 om, A - 0.513, ¢ = 34,200
Apay~ 252:1 nm, A = .14, € = 9600
Pucity (>$9%)
Elemental Avalysis--

anal. for CyHN30,;: Caled: C, 36.76; H, 2.72; N, 18.91
Found: C, 56.54; H, 2.83; N, 18.82.
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High-Pressure Liquid Chromatography--One major component
(represeuting 99,8% of total peak areas) and one minor component were
observed by hplc. Thr .ollowing hplc conditions were used:

* Column: 4 mm ID x 30 cm p Rondapak C,s (Waters Assoc.)
e Solvent: 50% Ha0/50% MeOH

£ * Flow rate: 2.0 ml/min

i e Detection: uv at 254 rm

l s Averege retention time: 281 sec 3-nitrobenzonitrile
F 99.8%; 470 sec impurity 0.J)1Z.

;
|

Gas Chromatography--One major peak (representing 100% of tue
total peak areas) was observed by gc nnder the following conditions:

é e Column: 6' x 2 mm glass column packed with 102 DC 200
‘ on Chromasorb W-HP 80/100.

e Temperature: 130° (4 mia) to 220° C at 4°/min.
e Flow rate: 30 ml/min N,.

Detection: Flame ionization.

¢ Retentinn time: 5.20 min 3-nitrobenzylnitrile 100%.
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4.27 2-Amino-6-Nitrotolusne
2-Msthyl--3-nitrobenzenanine
{603-83-8]

[ Source: Aldrich Chemical Company
i Lot No. 031207
Catalog No. 11,584-3

Identity

ture. The following bands were observed:

7.8, 8.95, 12.68 um.

§ 2.23 (singlet, 3H) CHs
8§ 3.92 (singlet, 2H) NH,
8§ 6.75-6.95 (multiplet, H)
§ 7.0-7.2 (multiplet, 2H).

Uv (Hethanol)---kmax = 206.1 nm,
Amax = 234.4 nm,
Apax = 350.0 nm,

Purity (99%)

Elemental Analysis--
Anal. for CyHeN30a: Calcd: C,
Found: C,

264

CH,

Os NH,

Ir--The ir spectrum was consistent with the proposed struc-

(KBr pellet) 3.2 (N-H, 1°

aromatic amines), 6.2 (C=C ring), 6.65, 7.45 (N=0), 7.6 (C-N, 1°
aromatic amines), 9.68, 13.75 (C-K), 11.25 (C--N, aromatic NO;), 6.1,

Nmr--The nmr spectrum was consistent with the proposed
structure. The following chemical shifts were observed ind the number

of protons each signal represents was determined rrom signal integrals:

A=20.125, ¢ = 15,000
A= 0.124, ¢ = 14,800
A = 0,125, ¢ = 480.

55.26; H, 5,30; N, 18.41
55.09; H, 5.33; N, 18.23,
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Righ-Pressure Liquid Chromatography--One peak representing
1002 of total peak aress was observed by hplc. The following hplec
conditions were used:

* Column: 4 mm ID x 30 cm u Bondapuk C,, (Waters Assoc.)
* Solvent: 60X (1,0/40% CHL0H

* Flow rate: 2.0 ml/min

¢ Datectiom: uv ar 256 mn

E * Average retention time: 353 sec 2-amino~6-nitrotolusme
lmz.

Cas Chromatography--Oue major peak (representing 99.8% of
total pesk areas) and two minor peaks were observed by gc under the
following conditions:

* 60-m SE 30 g ass capillary; Supelco

* Temperature: 150° to 220° C at 2*/min
* Flov rate: 0.5 ml/min

e Split ratio: 150/1

¢ Detection: Flame ionization f

* Retention time: 17.66 min 2-amino~6-nitrotoluane 99.8%;
18.47 min impurity 0.1%; 19.3 min impurity 0.1X.
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4.28 3,5-Dinitroaniline
3,5-Dintcrcbenzenamine NH,

[618-87--1)
' |+ H

NO: N°2

1 Source: Aldrich Chemical Company
3 Lot No. 011477AB
Catalog No. 019,340-2

S T

Identity

Ir--The ir spectrum was consistent with the proposed struc-

T A T R

The following bands were observed: (KBr pellet) 2.85, 2.95

4
. ’ r
. . - - 3
N .
.
e e A e R P P T S PP PRV i an,
eain ot Lt i AL L, 1t Yl B AN i 5t s AR e

ture.

; (N-H, 1° arcomatic amines), 3.25 (C-H, aromatic), 6.18, 6.9 {C=C, ring),
; 6.6 (N=0j, 7.5 (C-N, 1° aromatic amines), 9.15, 13.72 (C-H), 11.38
§ (¢-N, aromatic NO;), 10.02, 10.8, 12.35 um. g
i; !
g Nmr~~-The nmr spectrum was consistent with the proposed f
? structure. The following chemical shifte were observed and the number ;
g of protone each signal represents was determined from signal integrels: {
5 § 4.35 (singlet, 2H) NH, .
, § 7.68 (doublet, 2H, Ja_p, = 0.8 cps) Hy 3

§ 8.30 (triplet, H, Jy.o = 0.8 cps) Hy. :
¢ i
1 Uy (Methanol)--kmax = 228.2 nm, A = 0.114, ¢ = 22330 4
,’r. . C e e . . o .. o .xmax‘n 55800 ﬂm, A = 0n°53' [ A 103800
{ . LA > a
; Purity (98%)
y
! . Elemental Analysis

: Anal. for C¢HgN40,: Caled: C, 39.35; H, 2.75; N, 22.95
i Found: C, 39.48; 1, 2.83; N, 22.50,
277
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High-Pressuce Liquid Chromatography--One major component
L (representing 79.8% of the total peak areas) and one minor component

were obsexved by hi The following hplc conditions were used:

o Column: « mm ID x 30 cm u Bondapak C,, (Waters Assoc.)
o Solvent: 50% H,0/50% CE.OH

+ Flow rate: 2.0 ml/min

¢ Detection: uv at 254 nm

« Average retention time: 414 sec 3,5-dinitroaniline 99.8%;
242 sec impurity 0.2X%.

Gas Chromatography--One major peak (representing 100Z of
total pzak areas) was ooserved by gc under the feliowing conditions:

¢ Column: 6' x 2 mm glass column packed with 102 DC200
Chromasorb W-HP.

» Temperature: 130° (4 min) to 220° C at 4°/min.

e Flow rate: 30 ml/min Na.

¢ Detection: Flame ionizationm.

¢ Retention Time: 20.13 min 3,5-dinitroaniline 100%Z.
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4.29 2,3,6-Trinitrotoluene

1-Methyl-2,3,6~trinitrobenzene CH,
[18292-97-2)
OsN_ NO,
“NO,
Source: Synthesis, SRI
NH, NHa CHs
CH, CH, HaN o
o 1) Ac;O 150; O “aoa;, :
2) HNO. NO;

NOg

Identity

Ir--The ir spectrum was consistent with the proposed struc-
ture. The following bands were observed: (KBr peliet) 3.23 (C-H,
aromatic}, 3.45 (C-H, methyl), 6.5, 7.45 (W=0), 7.1 (C=C, ring), 9.6%,
13.95 (C-H), 11.38, 11.8 (C-H, aromatic NO,), 7.75, 8.35, 8B.75, 10.45,
12.03, 12.48, 12.95.

Nur--The nar spectrum was consistent with the proposed
structure. The following chemical shifts were observed and the number

of protons each signal represents was determined from signal integrals:
§ 2.52 (singlet, 3H) CH,
§ 83.10 (doublet, H, Ja-p 3.0 cps) H,
8§ 8.25 (donbiet, H, Jy-a = 3.0 cps) Hy.

- r e < - LI

v (Methanol)--lm‘x = 207.9 nm, A - 0.326, ¢ = 19,880
Anaz = 252.0 nm, A = 0,138, ¢ = 8400
Amax = 293.2 nm, A =~ 0.039, ¢ = 2380.

Purity (>99.3%)
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Elenental Analysis--

Anal. for C,HgN,U04: Caled: C, 37.01; H, 2.22; N, 18.5
Found: C, 36.88; H, 2.24; N, 17.5.%

High-Pressure Liquid Chromatography——One major component
(representing 99.3% of the total peak areas) was observed by hplc.
The following hplc conditions were used:

¢ Column: &4 mm ID x 30 cm u Bondapak C,4 (Waters Assoc.)
* Solvent: 50X Ha0/50% CH,0H

¢ Flow rate: 2.0 ml/min

¢ Detection: uv at 254 am

& * Average retention time: 5350 sec 2,3,6-trinitrotoluene
i 99.32.

Gas Chromatography--One major component (representing at
least 99.8% of the total peak areas) and one minor component were
o served by gc under the following conditions:

* Column: 6' x 2 mn glass column packed with 10X [}C200 on
Chromasorb W-HP 80/100.

L * Temperature: 130° (4 min) to 220° C at 4°/wmin.
': * Flow rate: 30 ml/min N,. i
¢ Detection: Flame ionization.

» Ratention time: 14.29 min 2,3,6~trinitrotolusiue 99.8%+;
12.7 min impurity <0.2X. H

) * Sonse trinitro compounds tend to give low ¥ results with the Perkin-
! Elmer analyzer.
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FICURE 180 HPLC CHROMATOGRAM OF 2,3,6~TRINITRCTOLUENE:
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4

4.30 2-Amino-3.6-Dinitrotoluene

2-Methyl-3, 6-dinitrobenzenamine
[56207-39-7] CHy

OQN NH,

Py

RTINS

3
[0FY 1
Source: Synthesis, SRI 5
. Nﬂz NHAc NH, :
i
E CH, 03N Cily 0,3 CHs )
<::> Aczo; H280, ;
N0, TNOs N0, NOs

Identity

Atk am A Ce s o RS

e v

Ir-~The ir spectrum was consistent with the proposed struc-

; ture. The following bands were observed: (KBr pellet) 2.90, 2.98,

| (N-H, 1° aromatic amines), 6.18, 7.0 (C=C, ring), 6.6, 7.45 (N=0), 7.95
L

(C-N, 1° aromatic amines), 12.19 (C-N, aromatic NO;), 13.60 (C-N), 7.7,
8.45, 8.7, 11.55, 13.0 um.

Nmr--The nmr spectrum was consistent with the proposed struc-
[
? ture. The following chemical shifts were observed, and the number of

i 2a s S S i i AL S i

protons each signal represents was determine¢ from signal integrals:

; 6 2.23 (singlet, 3H) CH,
; § 6.40 (siunglet, 2N) NH, 1
; § 7.10 (douinlet, H, J4_p = 3.0 cps) Hy 5
E 6 8.12 (doublet, H, Jy_, = 3.0 cps) H,. , :
i
W (Methanol)--xmax = 229.4 nm, A = 0.211, ¢ = 18,100

Amax = 276.9 nm, A = 0.046, € = 3950,
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Elemental Analysis--

Anal. for C;H,N,Og: Calcd: c, 42.65; H, 3.58; N, 21.31

Found: C, 42.82; H, 3.67; N, 21.13.

High-Pressure Liquid Chromatography--One major component

(representing 99.89% of total peak areas) and one minor component were

observed by

©

hple. The following hplc conditions were used:

Column: 4 mm ID x 30 em p Bondapek C,e (Waters Assoc.)
Solvent: 507% H,0/50% CH4OH

Flow rate: 2.0 ml/min

Detection: uv at 254 nm

Average retention time: 571 sec 2-amino-~3,6-dinitrotoluene
99.89%; 783 sec impurity 0.11Z.

Gas Chromatography--One major component (representing 1007%

of total peak areas) was observed by gc under the following conditions:

Cclumn: 6' x 2 mm glass packed with 10X DC 200 on
Chromasorb W-HP 80/100.

Temperature: 130° C (4 min) to 220° C at 4°/min.
Flow rate: 30 ml/min.
Detection: Flame ionization.

Retention time: 17.21 min 2-amino-3,6-dinitrotoluene 100%.
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FIGURE 186 HPLC CHROMATOGRAM OF 2-AMINO-3,6-DINITROTOLUENE
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5 FENVIRONMENTAL FATE ESTIMATES FOR CONDENSATE COMPONENTS

The introductlon of condensate compnnents into the snviromment
through wastewater discherge creates concern not only about the envir-

onmental impact of the mixture and the individual components, but also

about the potential transformation products resulting from environmental 1
processes such as photolysis.

@ For determination of which compounds may be photolytically labile,
the condensate mixture was photolyzed in the flow-through reactor as
described in Section 3.4.2, and the individual components were monitored

b by gas chromatography. Exhibit 3 lists the compounds that were found
to be photolytically reactive and those that were nonphotolytically
reactive.

An evaluation of the structures of the compounds in Exhibit B
indicates that one requirement for the occurrence of photolysis is

that the molecule must have a uitro group positioned ortho to a methyl j
group. The only compound without this characteristic is 3-amino-2,!-
dinitrotoluene; its nonphotolability can be explained by an intra-

molecular sssociation of the nitro group with the amino function. ]

This interaction inhibits the ortho nitro group from interaction with
the methyl group.
1 Cﬂ, le)
rd | \\D
'
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Exhibit B

PHOTOREACTIVITY OF CONDENSATE COMPONENTS

Photoreactive

Nonphotoreactive

2,6-Dinitrotolue e
2,5~-Dinitrotoluene
3-Amino-2,6-dinitrotoluene
4=Aminro-2,6-dinitrotoluene
2,3--Dinitrotoluene
2,4-Dinitrotoluene

1,3-Dinitrobenzens
3,5-Dinitrotoluene
3,4-Dinitrotoluene

3-Amino-2,4-dinitrotoluene

4-Nitrotoluene
3-Amino-4-nitrotoluene

1,5-Dimethyl-2,4-dinitrobenzene Toluene

2-Nitrotoluene 5-Methyl-2?-nitrophenol
1-Amino-6-nitrotoluene 4-N1trobenzonitrile
2,4,6-Trinitrotoluene 3-Nitrobenzonitrile

5-Amino-2,4-dinitrotoluene
4~Aminc--3,5-dinitrctoluene
2-Anino-3,6-dinitrotoluene
2,3,6-Trinitrotolueue
2-Amino-4,6-dinitrotoluene
3-Methyl-2-nitrophenol

; (el g . -~ S i ks i skt A

2-Amino-4-nitrotoluene
1,3,5-Trinitrobenzene
3,5-Dinitroaniline
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]

To evaluate the effects of photolysis in sunlight as compared with
the laboratory photolysis resulcs, we performed a rooftop study similar
to the one described in Section 3.4.2, This study revealed that the
concentrations of many of the components that had not been determined
to be photoreactive in laboratory studies did decrease as a function
of time in sunlight. We postulated that volatility may affect these

chemicals in aqueous systems,

To test this hypothesis, we used a 4400-ml aqueous solution con~

taining the condensate components listed in Tabkle 13, divided it in
half, and poured it into two identical glass containers, Each container
was lined with paper so that photolysis could occur only near the sur-
face of the solution. One container was placed in the sunlight, and ’
the other was placed approximately 5 feet away in an area that was
continuously shaded. Each solution was stlirred with a magnetic stir
bar at equal rates, and samples were removed pexiodically for capillary
gc analysis and measurement of water loss. Water loss from each
solution averaged 250 ml/day for the sun solution and 200 ml/day for

the shade solution. These volumes were added to each solution before

sampling for gc analysis.

Table 14 presents the results of these experiments, which indicate
that both photolysis and volatility can be important factors in deter-
mining the fate of condensate components in water. The condensate
components can be grouped into thvee categories: Group 1, in which
volatility is the only factor affecting compound loss; Group 2, in
which volatility and photolysis ave btoth important; and Group 3, in
which photolysis is the predominant factor.

The chemicals in Group 1 are 1,3-dinitrobenzene, 3,5-dinitrotoluene,
3,4-dinitrotoluene, 3-amino-2,4-dinitrotoiuene, 2-nitrotoluene, and
4-nitrotoluene. Plots of the concentration of thece compounds against
time are linear. The slopes of these lines differ by 1.2, which is

the ratio of the water loss between sun and shade. ;

298




: 5l
i
. ....;iFm‘..;-mj

1
Table 13 !
{
1 CONCENTRATIONS OF CONDENSATE COMPONENTS , !
j USED IN SUN~SHADE EXPERIMENT .
f o
; Concantration ;o
i Component (mp/liter) I
2-Nitrotoluene 0.08 -
g 4-Nitrotoluene c.32 o
' 2,6=Dinitrotoluene 14.5 i j
'l N i
r 1,3~-Dinitrobenzene 1..3 j
2,5-Diniirotoluene 0.87 g
2,4-Dinitrotoluene 37.0 i
| 2,3-Dinitrotoluene 1.1 %
% 3,5~Dinitrotoluene 0.91 ?
§ 3,4~-Dinitrotoluene 1.0 j
% 1,5-Dimethyl-2,4-dinitrobenzene 0.70 :
5 3-Amino-2,4-dinitrotoluene 3.35 :
% 4-Amino-3,5-dinitrotoluene 0.25 :
i 3-Amino-2,6-dinitrotoluene 3.1 ;
i 4-Amino~2,6-dinitrotoluene 1.2
? 5-Arino~2,4-dinitrotoluene 1.1
|
]
.
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The Group 2 chemicals are Z,3-dinitrotoluene, 2,4-dinitrotoluene,
" 1,5-dimethyl-2,4-dinitrobenzene, 4~amino-3,5-dinitrotoluene, and
5--amino-2,4-dinitrotoluene. In this group, bothh photolysis and vola-

tility are important, but the effect is least pronounced in the amino-
dfnitrotoluene compounds. The comparative losses for these compounds

indicate that the two processes are competitive.

4 ] The Group 3 chemicals are 2,6-dinitr~ctoluene, 2,5-dinitrotoluene,

3-amino-2,6~dinitrotoluene, and 4-amiro-2,6-~di-iitrotoluene. In this
group, the effect of photolysis is dramatic and indicates that volatil-

T
5 e L

ization plays a limited rose in dezscribing the fate of these compounds.

We performed a siuilar study in the laboratory tvo confirm conden-

sate component losses dne to volarilination. A solution containing

TR T T, WTSTR — y;

condensate comvonents was placed In a darkened hood under conditions

similar to thos= used in the rooitop study. Component losses were
monitored periodically and are presented in Tsble 15. The component
lcsses were similar to those observed in the shade rooftop experiment.

A comparison of the perceutage of loss at 192 hours in this study and

ST T e T LT a———r

at 240 hours in the shade rooftop study (bottom of Table 15) shows

relative component losces, indicating that the same factor (volatlli-

ATy AT s

zation) operates in both ceses. These rusults indicate the signifi-
; cance of volatilization in describing the fate of condensate componentc

in fresh vater.

To obtain an indication of the contribucion and magnitude of
. volatility and pnotolysis in describing the fate of condensate com-
5{ ) ponenis, psaudo €i{rst-ordsr rate constants wera detormined for each
) proness using the data in Table 1l4. The rate constant for volatiliza-

tion was generated from the shade experiment using the equation

ds _ K3 5]

d_t - [ (8)
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where k: is the volatilization rate constant for substrate S. A pseudo
first-order rate constant was also generated from the sun experiment

using a similar equation,

-ds _ .8 g
It kv+p [s] , 9 g

3 where the rate constant k:+p is related to both the volatilization and : !
1 photolysis processes by .

kB

5 o " 1.2k: + k: ) (10)

The factor 1.2 was used to reflect the difference in water loss between

the sun and shade experiments. Since k:+ and k: were measured, k; ;

p
could be calculated.

O GIE TR T T T T s e Tt

Using this approach, the k: and k: values were calculated and are
listed in Table 16 for 15 condensate components. These rate constants
should not be used to calculate environmental half-lives; they serve

only to give a relative magnitude of the processes between compounds.

By normalizing the rate constants, we calculated the percentage of
contribution of photolysis and volatility to the loss of condensate

compounds from water; Table 17 presents these data.

The rate constants were combined and are listed in decreasing f
order in Table 18, By listing the compounds in this manner, some order \
of perasistence can be established for this condensate mixture. Thus,
3,4-dinitrotoluene, 4-amino-3,5-diuitrotoluene, 3-amino-2,4-dinitrotoluene,
1,3~dinitrobenzene, 3,5-dinitrotoluene, and S5-amino-2,4-dinitrotoluene
would be expected to persist the longest in the environment, excluding

such fates as sediment adsorption and biotransformationm.
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Table 16

RELATIVE RATES OF LOSS OF CONDENSATE COMPONENTS \
DUE TO VOLATILITY AND PHOTOLYSIS

k x 1072
Component (ppm/hr)

Volatilization j

4-Nitrotoluene
2-Nitrotoluene
2,6~Dinitrotoluene
2,5~Dinitrotoluere
2,3~Dinitrotoluene
1,5~Dimethyl-2,4~dinitrobenzene
3,4~Dinitrotoluene
2,4~Dinitrotoluene
3,5~Dinitrotoluene
1,3~Dinitobenzene
3-Amino-2,4~dinitrotoluene
3-Amino-2,6~dinitrotoluene
4-Amino~ 3,5~dinitrotoluene
4-Amino-2,6-dinitrotoluene
5-Amino~2,4~dinitrotoluene

N
CORKMFMEMNNNNWEWNWUNWY

- - - . - L) » - - - s e » .
QWHFHNOBNWULEL,EODNMND WD
QOWUVMWLIOMOON~NF - &~

Photolysis :

2-Nitrotoluene 19.00 i
3-Amino~? ,6~-dinitrotoluene 14.58 i
2,5-Dinirrotoluene 10.01 1
2,6-Dinitrotoluene 7.53 i
4-Amino-2,6-dinitrotoluene 5.95
1,5-Dimethyl-2,4-dinitrobenzene 2.29
2,4-Dinitrotoluene 1.83
S5-Amino-2,4~dinitrotoluene 2.10
2,3-Dinitrotoluene 0
1,3-Dinitrobenzene 0
3,5~Dinitrotoluene 0
3,4-Dinitrotoluens 0

0

0

0

Sctac du:

3-Amino~-2,4-dinitrotoluene
4-Amino~3,5-dinitrotoluene
4~Nitrotoluene
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Table 17

THE PERCENTAGE OF CONTRIBUTION OF PHOTOLYSIS AND VOLATILITY
TO THE LOSS OF CONDENSATE COMPONENTS FKOM WATER

Percentage of

Component Loas Due To: —
Photolysis Volatility
1,3~Dinitrobenzene 0 100
2,6~Dinitrotoluere 57.2 42.8
2,4~Dinitrotoluene 13.5 56.5
2,5~Dinitrotoluene 68.6 3l.4
2,3-Dinitrotoluene 16 84
3,5~-Dinitrotoluene 0 100
3,4-Dinitrotoluene (] 100
1,5-Dimethyl-2.4-dinitrobenzene 44.9 55.1
3-Anino-2,4~dinitrotolusne 0 100
3-Amino~2,6-dinitrotoluene 92.7 7.3
4~Amino-2 ,6-dinitrotoluene 95.2 4.8
2-Nitrotoiuene 37.7 62.3
4~Nitrotoluene 0 100
5-Amino-2,4-dinitrotoluene 100 0
4-Amino-3,5-dinitrotcluene 0 100
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Table 18

RELATIVE RATES OF LOSS OF CONDENSATE COMPONENTS
FROM THE ENVIRONMENT AS A FUNCTION
OF PHOTOLYSIS AND VOLATILITY

RO PRV

Compound k x 10°2 (ppm/hr) ;
4~Nitrotoluene 49.6 : i
2-Nitrotoluene 44.9 : :

i
3-Amino-2,6-dinitrotcluene 15.74 1
2,5-Dinitrotoluene 14.02 i
2,6~Dinitrotoluere 13.17___ ;
4—Amino-2,6-dinitrotoluene 6.25 i
1,5-Dimethyl-2,4~dinitrobenzene 5.10 :
2,4-Dinitrotoluene 4.20 !
2,3-Dinitrotcluene 4,12 5
3,4-Dinitrotoluene 2.57 ;
3,5-Dinitrotoluene 2.28 ;
5-Amino-2,4~dinitrotoluene 2.10 3
1,3-Dinitrobenzene 1.88 ;
3-Amino-2,4-dinitrotoluene 1.20 , i
4~Anino-3,5-dinitrotoluene 1.15 !

1

P

j
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To ascertain whether or not sediment adsorption and bioaccummula-
tion may be significant fantors in describing the environmental fate
of condensate components, the octanol/water paitition coefficients ware
calculated by computer according to the method of Leo &t ul? and are
listed in Table 19. For some compounds, literature references could
be obtained and are included in tha table. The partition coefficients
&re closely related to each other, which is axpected because of the
similarity of the structures of the components. These valuss may be
related to sediment adsorption, especially for sediments high in
organic matter. However, caution should be used in ascribing any cor-
relations with these compounds that have iocnizable groups (such as the
phenols and amines) since the adsorption of these compounds will
depend on the cation exchange capacity of the sediment.

From the octanol/water partition coefficients, the log of the
bioconcentration factor (BCF) was calculated for condensate components
according to the method of Bramson et al®. Table 20 presents these
data. The bioconcentration factors range from 2.18 to 52.50. Biocon-
centration of the condensate components in fish should not be siguifi-
cant according to the U.S. Army Mcdical Bioengineering Research and
Development Laboratory aquatic technical advisors who believe that
1000 is a minimum valus for the BCF before biloaccummulation is
significant.

This preliminary estimate cf environmental fa“es for condensata
compounds indicates that volatilization and photolysis can play major
roles in the removal or transformation of selected components in an
aquatic system and that sediment adsorption and bicaccummulation may
play omly minor roles. The effecte of biotransformation have not been
congidered in this study and we recommend that rhis fate be investi-
gated, aspecislly with respect to those compounds that show indications
of environmental persistence.
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Table 19

OCTANOL/WATER PARTITION VALUES (LOG P)
DETERMINED FOR CONDENSATE COMPONENTS

Compound _ log P Ref
2,4-Dinitrotoluene 2.28 1
2,6~-Dinitrotoluene 2,285 6
1, 3-Dinitrobenzene 1.62 6
3-Amino-2,4~-dinitrotoluene 1.06 6
3-Amnino-2,6-dinitrotoluene 1.06 6
5-Amino-2,4-dinitrotoluene 1.06 6
3,5~Dinitrotoluene 2,285 6
3,4-Dinitrotoluene 2,285 6
4-Amino-2,6-dinitrotoluone 1.06 6
1,5-Dimethyl-2,4-diaitrobenzene 2.95 6
2,3-Dinitrotoluene 2.285 6
2,5-Dinitrotoluene 2.285 6
2,46,6-Trinitrotoluene 2.03 6
4-Amino-3,5-dinitrotoluene 1.06 6
Toluene 2.69 2

2.73 3

2.11 4

2.80 5
4-Nitrotoluene 2.37, 2.42 2, 5
2,4-Dinitro-5-methylphenol 1.62 6
2-Amino-6-nitrotoluene 1.315 6
3-Amino—-4-nitrotoluene 1.315 6
2-Nitrotoluene 2.30 5
2-Amino-3,6-dinitrotoluene 1.06 6
2,3,6~Trinitrotoluene 2.03 6
2-Amino-4,6-dinitrotoluene 1.06 6
5-Methyl-2-nitrophenol 1.875 6
2~-Amino~4-nitrotoluene 1.315 6
3-Methyl-2-nitrophenol 1.875 6
1,3,5-Trinitrobenzene 1.365 6
3,5-Dinitroaniline 0.395 6
3-Nitrobenzonitrile 1.17 2
4-Nitrobenzonitrile 1.19, 1.31 2, 6

1. D. Nikaitani and C. Hansch. Unpudlished, NIR PROPHET ccaputer
retrisval data.

2. T. Fujita, J. Iwasa, and C. Hansch. J. Am., Chem. Soc. 86,
5175 (1964).

3. C. Chureh. Unpublished, NXH PROPHET computer retrieval data.

4. K. Rogers and A. Cammarata. J. Med, Chem. 12, 692 (1969).

5. M. Tichy and K. Bocek. Communication to Dr. Howard Johnsom,
SRI International.

6. Caliuleted accordiag to the method suggested by A. Leo e: al.,
J. Mad. Chem. 18(9), 865-868 (1975).
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Table 20

CALCULATED LOG BCF VALUES FOR CONDENSATE WATER COMPONENTS

Compound Log P Log BCF* BCF

i
3,5-Dinitrotoluene 0.395 0.338 2.18 :
3-Amino-2,4~-dinitrotoluens 1.06 0.698
3-Amino-2,6~-dinitrotoluane 1.06 0.698 i
S-Amino-2,4~dinitrotoluene 1.06 0.698 f
4-Amino-2,6-dinitrotoluene 1.06 0.698 !
4-Amino~3,5-dinitrotoluens 1.06 0.698 :
2-Amino-3,6~dinitrotolusne 1.06 0.698 ‘
2-Amino-4,6-dinitrntoluens 1.06 0.698 i
3-Nitrobenzonitrile 1.17 0.758 f
4-Nitrobenzonitrile 1.19 0.769 :
2-Amino~6-nitrotoluene 1.32 0.839 i
3-Amino-4~nitrotolunne 1.32 0.839
2-Amino~-4-nitrotoluene 1.32 0.839
1,3,5~-T-initrobenzene 1.36 0.861
2,4=-Dinitro-5-methylphenol 1.62 1.00 i
1,3-Dinitrobenzene 1.62 1.00 :
S-Methyl-2-nitrophenol 1.88 1.14
3-Mathyl-2-nitrophenol 1.88 + 1.14 ,
2,4-Dinitrotoluene 1.98 (2.28) 1.19 (1.36) i
2,6~-Dinitrotoluene 1.98 (2.28) 1.19 (1.36) ;
3,5-Diritrotoluene 1.98 (2.28) 1.19 (1.36) !
3,4-Dinitrotoluene 1.98 (2.28) 1.19 (1.36) |
2,3-Dinitrotoluene 1.98 (2.28) 1.19 (1.36)
2,5-Dinitrotoluena 1.98 (2.28) 1.19 (1.36) i
2,4,6~Trinitrotoluene 2.03 1.22
2,3,6-Trinitrotoluene 2.03 1.22
2-Nitrotoluene 2.30 1.37
4-Nitrotoluene 2.40 1.42
Tolusne 2.58 1.52
1,5-Dimethyl-2,4~dinitrobenzene 2.95 1.72 52.50 *

*Log BCF = 0.542 log P + 0.124
1‘Calcl.llated.
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6 CONCLUSIONS AND RECOMMENDATIONS

The results of this study indicate that discharges from Composi-
tion B lines at LAP facilities contain, on an average, TNT and RDX at
a ratio of 1.6/1 in the absence of pollution abatement treatment. SRI
recommends that further toxicological investigations be performed using
this component ratio because it represents a worst-case condition for
which envirommental impect data should be known.

The effects of sunlight photolysis on TNT/RDX mixtures can be
studied in the laboratory with mercury lamps with Pyrex filters as an
artificial light source. The preparation of photolyzed residuess for
toxicological evaluation ~an be achieved in the laboratory for acute
and subacute investigations, but time and cost ccastraints would make
the preparative method ineffective for long-term chronic studies.

In the condensate wastewater discharge at VAAP, 33 comporents
were identified. The ratio of discharged components was found to be
highly varisble over the 12-month sampling period. A representstive
discharge was established by computer analysis. Toxicological and
environmental impact data are limited for this array of compounds.
SRI recommends that the envirorc.antal persistence of these compounds
be considered as one criterion in establishing priorities for further

toxicological investigations.

Condensate components for toxicological evaluations can be obtained
through commercial sources and/or the synthetic methods described in
this report. SRI recommends that analytical characterizacions be
performed on all materials used in toxicological evaluations because
these classes of compounds are highly subject to isoweric contaainatiom.
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Appendix

GLASS CAPILLARY GAS CHROMATOGRAPHIC ANALYSIS
OF CONDENSATE COMPONENTS

Because of the complexity of components discharged in VAAP conden-
sate wastewater, a highly skilled mass spectrometrist is required to
identify underlying cownonents in major eluting chromatographic peaks.

At times, this can only be achieved when the co.pounds being sought
are known.

One way to alleviate this problem and to aid in qualitative and
quantitative measurements is to increase the resolution capabilities

of the chromatographic system. This can be achieved through the use
of glass capillary columns.

Figure A-1 demonstrates the resolution capabilities that this
system possesses on a synthetic mixture of the condensare blend. An
actual VAAP wastewater extract appears in Figure A-2. In Figure A-2,
3-nitrotoluene is resolved from the 2 - and 4-isomers and many more
components appear that have not been identified. The majority of these
new components are present in the parts-per-billion (ppb) range and
represent a very small part of the total mixture.

The conditione under which thase chromatograms were obtained are
as follows:

¢ Instrument: Varian Model 2740 Gas Chromatogreph modified for
capillary gc.

* Column: 60 meter SE-30 glass columa (J & W Scientific).

e Temperature: 140 (50 min hold) + 220 gt 40 min (30-min hold}.
» Split ratio: 190/1.

e Flow rate: 0.58 ml/min Nj.
s Detection: Flame ionization.
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1.68 oz . 1.7¢ ]
1.92 258 2
, Ta— 4 294
| T et ] 1 |
: —a 5.13 i
: TOLUENE
t
g ;
;
12.58 .
13.89 '0o-NITROTOLUENE
15.1 p-NITROTOLUENE i
- 1862 B-METHYL-2-NITHOPHENOL AND 3-METHYL-2-NITROPHENOL
] — 4 1848 p-NITROBENZONITRILE
- m-NITROBENZONITRILE

1 2DINITROBEMZENE {internal Standard)

e e e

p— 3 21.85
: -- m-DINITROBENZENE 23.30
- —26-DITNITROTOLUENE— 1 2383
£ 2,5-DINITROTOLUENE 25.36
F 24 DITNITROTOLUEN™ , 4D 2,3-DINITROTO". JERE | .0
: T— == 28,95 =———=—mme—mumam - v 28.84
; =T 2049 " 2-AMINO-6-NITROTOLUE) . ™ 35 DINITROTOLUENE
t .79 -AMINO-4-NITROTOLUENE ‘
: e 3147
' R°c E 3.4-DINITROTOLUENE
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